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DIAL-SPEED 


STIRRER 


®@ constant torque at 
any speed 


® governor control 


® explosion safe 


Daigger DIAL SPEED stirrer combines a ¥ 
unique centrifugal governor control with a 
gear reduction drive to provide constant 
torque at any s Changes in viscosity 
of material or abnormal voltage variations 
do not affect DIAL SPEED. Torque re- 
mains constant at low speeds where rheostat 
controlled motors suffer severe power re- 
ductions. 


DIAL SPEED is explosion safe for use in 
hazardous locations. Simply connect PRES- 
SURE PORT (hose nipple on motor) to a 


compressed air line. Air flow pressure prevents — 


build up of explosive vapors in fully encl motor. 


DIAL SPEED also features hollow drive shaft to al- _ 
low raising and lowering of stirring rod without dis- © 


turbing setup. Rods up to 5/16” diameter can be 
used. Large universal chuck to accommodate all 
sizes of stirring rods up to 3/8’’ diameter. Equipped 
with automatic overload protector. 


a Large graduated speed reference dial per- 
mits setting and resetting to desired speed 
© while motor is running. 


Three Speed Ranges Available: 


$-6540-A Low speed range, 80 to 1200 rpm 
$-6540-B High speed range 200 to 3000 rpm 


$-6540-C Resin Slurry range 80 to 600 rpm 110” 


less shaft and propeller. 


$6635 Stainless shaft and propeller 12” for dial speed. .7.26 
$6640 Stainless shaft and propeller 18” for dial speed . .7.92 


HEAVY SPECIALLY $9050 
SUPPORT RECOMMENDED $11.75 
STAND FOR DIAL SPEED 


daigger & co. 


in the midwest... 


«159 W. kingie St. 


Chicago 10, Illinois 


UNDER 


CONTROL 


Now you can utilize H2S 
without its stench or 
hazards, for all analytical 
sulphide precipitations. 


Sulfi-Down 
SPECIALLY 


STABILIZED 


No Toxic Effects 
No Danger 


No Odor 

STABLE IN SOLUTION 
NON-INFLAMMABLE 
ONE YEAR SHELF LIFE 
NON-CORROSIVE 
ECONOMICAL 


Per bottle of 100 grams 


Safest and most 


stable source of 


Hydrogen Sulfide 
for school use. 


Send for free copy of “Manual of 
Procedures and Suggested Uses of Safe, 
Versatile Sulfide Preciptiant.” 


@. daigger & of calitorn 


location 


129 S. Los Angeles St., Los Angeles 1 


Tenth St., Richmond, Calif. 
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Catalog 


ANNIVERSARY EDITION 


Encyclopedic, factual, convenient 


1ON More comprehensive than former editions, with changes in 
LE format which have resulted in a lighter weight volume, more 
LIFE convenient to handle. 


More than 20,000 items 


New edition lists more than 20,000 items of Apparatus and 
Reagents, adequate stocks of which are regularly carried in 
our stock for immediate shipment. The Index is replete with 
cross references. . 


Selection of Apparatus 


Selection is based on careful review and evaluation by our 
Je Technological staff. We therefore accept full responsibility . 
for the satisfactory performance.of every item listed. 


Distribution of the Catalog 


Copies will be sent to laboratory and purchasing personnel. 
Suggestions as to the catalog requirements of your laboratory 
or department will aid us in making adequate distribution. 


— 


wee ARTHUR H. THOMAS COMPANY 


PHILA, USA 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 
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By GLENN MURPHY, Iowa State University of Science and 
Technology. Working — the American Society of Engi- 
neering Education, the author has been instrumental in the 
development of nuclear engineering courses at several schools 
across the country. During the last few years, he has realized 
not only the need for a good introductory textbook in nuclear 


engineering, but also the type of text required. This book pro- 
vides a general survey of radiation, fission, fusion, and explains 
how these, and related transformations, may be exploited in 
industrial and engineering applications. 


1961. Approx. 224 pages. Prob. $6.25. 


PHYSICAL CHEMISTRY OF MACROMOLECULES 


By CHARLES TANFORD, Duke University. This book sys- 
tematically considers the major areas of physical chemistry: 
molecular structure; molecular statistics; thermodynamics; 
transport processes; electrostatics; and kinetics. A summar 
of the fundamental theory in each of these areas is ornare | 
followed by a succinct explanation of how the theory may be 


modified in order to become applicable to molecules of very 
high molecular weight. In each instance, the development is 
rigorous to the point that the individual reader may judge— 
and apply intelligently—any particular technique or theoretical 


equation. 
1961. Approx. 752 pages. Prob. $15.00. 


PHYSICAL CHEMISTRY, Second Edition 


By FARRINGTON DANIELS, and ROBERT A. ALBERTY, 
both of the University of Wisconsin. Upon its first appearance, 
Daniels’ and Alberty’s Physical Chemistry was recognized as 
one of the finest and most teachable elementary works in the 
field. Clear explanations, logical organization, and broad 


coverage of the subject has led to its use in more than 400 
colleges and universities. Recent progress and developments 
have prompted this completely rewritten and substantially 
expanded second edition. 

1961. Approx. 776 pages. Prob. $8.75. 


KINETICS AND MECHANISM, Second Edition 


A Study of Homogeneous Chemical Reactions 


By ARTHUR A. FROST, and RALPH G. PEARSON, both 
of Northwestern University. Since the first edition of Kinetics 
and Mechanism was published in 1953, remarkable progress has 
been made on both the theoretical and practical 8 in the 


field of chemical kinetics. In view of this progress, the book 
has been thoroughly revised in order to provide both instructors 
and professional workers with information which is completely 
up-to-date. 1961. Approx. 432 pages. $9.25. 


BIOCHEMISTRY OF PLANTS AND ANIMALS, An Introduction 


By FRANK MALLETTE, PAUL M. ALTHOUSE, and CARL 
O. CLAGETT, all of The University of Pennsylvania. Most 
students in biochemistry need and desire an understanding of 
' both the plant and animal aspects of the subject—yet, too 
often, introductory texts concentrate on only one of these. 


This book, however, offers a genuine introduction to the field 
as a whole by providing a balanced, integrated treatment of 
both plant and animal biochemistry. Most of the chapters 
are relatively independent and can be easily adapted to needs of 
particular courses. 1960. 552 pages. $8.50. 


ADVANCED ORGANIC CHEMISTRY, Third Edition 


By G. W. WHELAND, University of Chicago. Using a critical 
viewpoint throughout the text, the author demonstrates the 
emphasis on theory that he believes is required for instructing 


students in the logical foundations of the science, and develop- 
ing in them the ability to evaluate the ideas and contributions 
of other chemists. 1960. 872 pages. $15.00. 


EXPERIMENTAL BIOCHEMISTRY, A Laboratory Manual 


By GERALD LITWACK, Philadelphia General Hospital, and 
The University of Pennsylvania. ‘‘I think it will be a valuable 
addition to the shelves of anyone engaged in teaching bio- 
chemistry. It should be especially valuable at the under- 
graduate level and for teaching graduate students who are non- 


biochemistry majors. The author has done a very fine job of 
presenting enough theory with each experiment to make the 
experimental work more interesting and comprehensible.’’— 
Professor David Kritchevsky, The Wistar Institute. 

1960. 313 pages. $5.50. 


By R. BYRON BIRD, WARREN E. STEWART, and EDWIN 
N. LIGHTFOOT,, all of the University of Wisconsin. The authors 
present a parallel, systematic treatment of the three transport 


processes: momentum transport (flow of viscous fluids); 
energy transport (flow of heat); and mass transport (flow of 
chemical species in mixtures). 1960. 780 pages: $11.50. 


A MANUAL FOR THE ORGANIC CHEMISTRY LABORATORY, Second Edition 


By LEIGH C. ANDERSON, ROBERT C. ELDERFIELD, 
PETER A. S. SMITH, and the late WERNER E. BACHMANN, 
all of the University of Michigan. This second edition represents 
a more teachable and more up-to-date version of a lab manual 
which has been enthusiastically received by professors and lab 


instructors ever since it first appeared. . Although several major 
revisions and changes have been made, this edition retains all 
of the features which led to the original success of the book. 


1960. 185 pages. $3.90. 


JOHN WILEY & SONS, Imee, 440 Park Avenue South, New York 16, N. Y. 
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The SARGENT Model XV 
RECORDING POLAROGRAPH 


offers you— 


@ FULL 10 INCH 
CHART 


® 1/110% ACCURACY 
OF 
MEASUREMENT 


TEN STANDARDIZED 
POLARIZING RANGES 


This new Sargent Polarograph gives you a Current Ranges: 19, from .003 to 1.0 hA/mm. 

large 250 mm (10 inches) chart and the highest Polarizing Ranges, 0 to —1; —1 to —2; —2to —3; —3to —4; +.5to —5; 
accuracy and current sensitivity at the lowest volts: 0 to —2; —2to —4, +1 to —1;0 to —3; +1.5 to —1.5. 
price of any pen writing polarographic instru- Balancing Speed: standard, 10 seconds; | second or 4 seconds optional. 
ment on the market. Bridge Drive: synchronous, continuous repeating, reversible; rotation 


time, 10 minutes. 
It offers you optimum specifications based on Chart Scale: current axis, 250 mm; voltage axis, 10 inches equals one 
over twenty years of 'eadership in design, manu- bridge revolution. 
facture and service in this specialized field of Current Accuracy: 1/10% 
analysis. Voltage Accuracy: 
The polarographic method is capable of repro- — 
ducibility to 1/10% and analytical accuracy to Writing Plate: 10% x 12% inches; angle of slope, 30°. 
1%4%. To make use of this facility, the instru- Standardization: manual against internal cadmium sulfate standard cell 
ment must be accurate to 1/10% and chart for both current and voltage. 
space must be provided for recording large Damping: RC, four stage. ; 
steps to achieve measuring precision. We strongly Pen: ball Leroy type 
advise against the purchase of any polarographic Suppress Cel powered, © times 
instrument using miniature (5 inch) charts and Potentiometric Range: 2.5 millivolts, usable as general potentiometric recorder. 
low gain balancing systems in the 1% order of Finish: case, enameled steel; panels, anodized aluminum; writing 
precision. plate, polished stainless steel; knobs and dials, chromium 
This Model XV is adaptable to 10° M deter- 
minations with the S-29315 Micro Range Net Weight: 65 pounds. 
Extender. Catalog number $-29310 with accessories and supplies. . . .$1585.00 


GRegistored Trade Merk (Pat. No. 2,931,964) For complete information write for Sargent Bulletin P 


SA R G E N LABORATORY INSTRUMENTS APPARATUS © SUPPLIES CHEMICALS 


E.H. SARGENT & CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH.+ DALLAS 35, TEXAS BIRMINGHAM 4, ALA.* SPRINGFIELD, N. J. 
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Chemical Instrumentation 


S. Z. LEWIN, New York University, Washington Square, New York 3, N. Y. 


This series of articles presents a survey of the basic prin- 


ciples, characteristics, and limitations of those instruments which find important 
applications in chemical work. The emphasis is on commercially available 
equipment, and approximate prices are quoted to show the order of magnitude 
of cost of the various types of design and construction. 


12. Nuclear Radiation Detectors 


The detection and estimation of nuclear 
radiations, by which will be meant in the 
following discussions those radiations 
which are encountered in the laboratory 
when working with radioactivie elements, 


poses several unique instrumental prob- 


lems. These problems stem from (1) 
the great variety in properties of these 
radiations, and (2) the different kinds of 
information it is necessary to obtain about 
them. 

Nuclear radiation includes: (1) heavy 
particle rays, such as fission product 
nuclei, alpha particles, neutrons, and 
heavy mesons; (2) light particle rays, 
such as negative and positive electrons 
and light mesons; and (3) electromagnetic 
rays, such as gamma and x-radiation. 
The energy per particle or photon may 
range from fractions of an electron volt 
(ev) up to several millions of electron 
volts (Mev). The flux of radiation en- 
countered may range from less than one 
per hour to more than 10" per cm? per 
second. 

The kinds of information a nuclear 
radiation detector may be called upon 
to provide include: (1) number of dis- 
integrations per second occurring in the 
sample, (2) type(s) of nuclear particles 
or photons emitted, (3) quantum energy 
and energy distribution of the radiations, 
(4) angular distribution of intensity, or 
angular spread between individual particle 
directions, (5) simultaneity in time of 
certain elementary events, (6) rate of, or 
total integrated, production of electric 
charge by the radioactive source in a unit 
volume of a standard substance (i.e., 
dose rate and total dose). 

To cope with this great variety of con- 
ditions and requirements, it has been 
necessary to develop a versatile arsenal 
of detector instrumentation. These in- 
clude: (1) electroscopes, (2) ionization 
chambers, (3) proportional counters, (4) 
Geiger-Mueller counters, (5) scintillation 
detectors, (6) crystal and semiconductor 
counters, (7) cloud and bubble chambers, 
(8) calorimeters, (9) sensitive photo- 
graphic emulsions. These detectors have, 
in many cases, been developed to a very 
advanced stage, and take a number of 
different physical forms. Also, they are 
commonly coupled to sophisticated elec- 
tronic circuitry for scaling down, selecting, 
or integrating the rate of information 


read-out, and for automating the task of 
recording the desired information. 


Electroscopes 


The earliest and simplest of the trans- 
ducers for ionizing radiations is the elec- 
troscope, which is based upon the mani- 
festation of the forces of attraction or 
repulsion due to electric charges. If a 
lightweight gold leaf is attached by one 
end to a rigid metallic support, and a 
charge is placed on the metal, the free 
end of the gold leaf will stand away from 
its support to such a distance that the 
restoring force due to the action of gravity 
on the mass of the leaf just balances the 
repulsive force of the like charges on the 
leaf and its support. Any ionization 
produced in the air surrounding the leaf 
and support can result in neutralization 
of the charge on these metals, causing the 
free end of the leaf to fall back toward 
the rigid support. Thus, the rate of 
movement of the leaf is a measure of the 
rate of discharge of the electroscope, and, 
under sufficiently controlled conditions, 
of the intensity of ionization of the gas 
within the active volume of the instru- 
ment. 

Although gold leaf was the usual moving 
member in early electroscopes because 
it could be fabricated in very thin, light 
strips, it has been replaced in modern elec- 
troscopes by quartz fibers, which can be 
made very light, can be coated with a sur- 
face film of metal if conductivity is desired, 
and are extremely rugged and constant 
in properties. Figure 1 shows the con- 


struction of the Lauritsen quartz fiber ~ 


electroscope, which has been widely used. 


MICROSCOPE 
METAL 
J Support waoow 
~*~. FIBER 
SCALE 
* CHARGING KEY 
= 


Figure 1. The Lauritsen quartz fiber electro- 
scope. 


The quartz fiber and its support are 
charged by making contact with the posi- 
tive side of the battery. While this con- 
tact is made, the image of the fiber on a 
microscope eyepiece reticle is set to a 
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convenient reference point, and the con- 
tact is broken. The isolated fiber is 
then observed as function of time. In 
the absence of a sample, the discharge 
rate is due in part to the leakage of charge 
through the insulators, and in part to 
the inevitable ambient radiation level. 
The activity of a sample is determined 
from the increase in discharge rate over 
the background rate when the sample 
is present near the charged electrode. 

The advantages of the electroscope 
are that it is simple, rugged, inexpensive, 
and portable. Only a simple battery is 
required for the power supply, and the 
read-out is direct and visual. Its dis- 
advantages are its slowness and limited 
sensitivity. Most of the purposes for 
which electroscopes were used in the past 
are now better served by other instru- 
ments, such as ion chambers, Geiger- 
Mueller tubes, and scintillation detectors. 
The principal applications for electro- 
scopes at present are in radio-assays under 
field conditions, particularly for alpha 
emitters, and in personnel dosimetry, 
for which they are admirably suited. 


Figure 2. Design of a pocket electroscope for 
personnel exposure monitoring. 


Figure 2 shows the design of a typical 
pocket electroscope. These are the size 
of a fountain pen, and can be constructed 
to show integrated radiation dose from 
as low as milliroentgens to as high as 
kiloroentgens (1 roentgen = amount 
of radioactivity capable of producing 
1 esu of charge per ml of air). 

An example ef a quartz fiber electro- 
scope is the Model L-75D Electrometer 
($100) manufactured by the Landsverk 
Electrometer Co., available in the U.S. 
through W. B. Johnson and Assoc., 
Boonton, New Jersey, U.S. Nuclear Corp., 
Burbank, California, and several other 
suppliers of nuclear instrumentation. 
The cylindrical chamber consists of an 
aluminum tube with an inside volume 
of 200 ce. The axially-mounted quartz 
fiber is charged by means of a transistor 
oscillator power supply based on a 1.3-v 
mercury battery and producing an output 
voltage of about 100 v. The zero ad- 
justment of the fiber is accomplished 
by generating a voltage by means of a 
hand-operated friction charger. This aux- 
iliary electrostatic charge is applied to 
the fiber in whatever amount is necessary 
to correct its position. The leakage rate 
is about 5% per hour, and with samples in- 
serted directly in the ionization chamber, a 
sensitivity of detection of 3 X 10~* micro- 
curies of a soft beta emitter is attainable. 
An alpha source (dry, 5 Mev particles) 
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AMINO ACID ANALYZER 


MODEL VG-6000 


LATEST IMPROVED 
COMMERCIAL VERSION 
OF THE APPARATUS 
DESCRIBED BY KARL 

A. PIEZ AND LOUISE 
MORRIS IN ANALYTICAL 
BIOCHEMISTRY, VOL. 1, 
1960 


For complete details 
write Dept. VG for 
Bulletin 6000 ~ 


PHOENIX PRECISION INSTRUMENT COMPANY 
3803-05 NORTH FIFTH ST., PHILADELPHIA 40, PENNSYLVANIA 


N EW BUCHLER 


POLYBURETTE 


FOR DISPENSING A VARIETY 
OF SIX SUBSTANCES WITH AN 
INDEPENDENT BURETTE FOR 
EACH MATERIAL. 


e Eliminates need for intermediate 
rinsing of the Burette when differ- 
ent reagents are used simultane- 
ously for multiple titrations. 


e magnetic stirrer. Illumi- 
ed background facilitates read- 
e Interchangeable Burettes for de- 
liveries from 0.001 ml to 1.0 ml. 


e All glassware can be easily sterilized 


194.00 


For details, request Bulletin JC2-2600 


Laboratory Apparatus 
BUCHLER INSTRUMENTS, INC. 
formerly Laboratory Glass & Instruments Corp. 
514 W. 147th STREET, N.Y. 31, N.Y. 


ADirondack 4-2626 
Precision Instruments 
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can be detected at a concentration corre- 
sponding to 1 disintegration per minute. 

Quartz-fiber pocket electroscopes for 
personnel dosimetry are available from 
this manufacturer, as well as from Bendix 
Aviation Corp., Cincinnati, Ohio; Vic- 
toreen Instrument Co., Cleveland 3, 
Ohio; Keleket division of Tracerlab, Wal- 
tham 54, Massachusetts; Landis and 
Gyr S.A., New York 19, New York; 
and Frieseke and Hoepfner, available 
through Kahl Scientific Corp., El Cajon, 
California. 

A unique electroscope intended to give 
warning of major exposures to radiation 
is the Radad dosimeter (Model 520, 
$2.95) made by Electromation Co., Bur- 
bank, California, and shown in Figure 3. 


Figure 3. The “Radad"” personnel dosimeter, 
based upon the mutual electrostatic repulsions of 
charged polystyrene balls. 


It consists of a tube containing a number 
of small polystyrene balls. If it is shaken 
in the direction of its long axis 20 or 30 
times, the balls acquire a static charge 
due to rubbing friction, and will cling 
to the inside walls of the glass tube. 
Under normal conditions, very few of the 
beads will drop down in a six-hour period. 
If the dosimeter has been exposed to 6 
or more roentgens, most of the beads will 
be found to have disappeared below the 
edge of the metal ferrule. 


lon chambers 


In an ionization chamber, the charge 
produced by the nuclear radiation and 
collected by a charged electrode is meas- 
ured in an external circuit, rather than 
by the motion of the collecting electrode 
itself, as in the electroscope. The col- 
lected charge may be measured as a flow 
of current, as a voltage drop across a 
large resistance, or as a change in the 
state of charge of a capacitor. 

The construction of an _ ionization 
chamber is simple, consisting essentially 
of a pair of electrodes which are well 
insulated from each other. Since the 
magnitude of the current to be measured 
is very small, the quality of the insulation 

(Continued on page A138) 
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CARBON — ANALY” | 


NEW! Automated analysis 


of carbon and hydrogen 


Coleman’s new Carbon-Hydrogen Analyzer is 
fully-automated to bring new speed, new ac- 
curacy, and new ease to the analysis of these 
elements in organic materials. It programs 
and controls all variables—flow rates, com- 
bustion times and temperatures—of the ac- 
cepted combustion method for carbon and 
hydrogen determinations. 

This new instrument is valuable in labora- 
tories concerned with foods, pharmaceuticals, 
petroleum, organic intermediates and similar 
materials. Outstanding characteristics are: 
SPEED: Complete determination within an 
8-minute operating cycle; routine analyses at 
the rate of 4 to 5 per hour. 

ACCURACY: Resuits correspond to theory 
within + 0.2% carbon and + 0.2% hydrogen. 
CONVENIENCE: All operations performed 
automatically—operator calculates results 
after differential weighing of absorption 
tubes. 

VERSATILITY: Flexible controls permit any. 
combustion analysis up to 1100° C., with sam- 
ples down to the milligram range. 
ECONOMY: Pays for itself by increasing ana- 
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COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 


lytical precision and output. Uses commercial 
ade oxygen and readily-available reagents. 
akes only 18 inches on laboratory bench. 


ANALYTICAL RANGE 


Hydrocarbons— paraffins, aromatics, naph- 
thenes, aviation fuels, low-boiling mate- 
rials; 

Oxygen-containing materials—alcohols, 
phenols, glycols, ethers, esters, ketones, 
aldehydes, acids; 

Nitrogen-containing materials— amines, 
amides, cyanides, cyanates, hydrazines, py- 
ridines, nitro compounds; 
Sulfur-containing materials—mercaptans, 
sulfides, disulfides, thiophenes; 
Halogen-containing materials — alkyl 
mono- and dichlorides, alkyl bromides; 
Mixtures of these materials. 


This instrument is another FIRST in 

automated analysis by Coleman.Ask your 

dealer for more information or write for 
Bulletin BB-272. 
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tra-high 


ROMATOGRAPHY 


features... 


Programming.* 


e Extraordinary stable 
base line.* 


(0.001 micrograms) 


1% accuracy. 
e High impedance 


Ye" packed columns. 


*to the chemist... 


at 100°C. The furnace 


AA 


e Temperatures to 300°C. 
@ Excellent for Temperature 


e Sensitivity moles. 
e Attenuation 1 to 1000 with 
transistcrized electrometer. 


e Silky, 10 turn zero control. 
e Excellent operation with 


C-26 
C-27 
C-24 *PARAFFIN WAX 
C-28 5 Micrograms 
16-* 
C-23 | C-29 
C-30 
C-22 
C-31 
C-32 
C-21 i \ C-34 
Time 20 30 40 50 60 
Temp. 179° 207° 229° 246° 262° 


THE AEROGRAPH H-F ion DETECTOR 


This hydrogen flame ionization kit readily adapts to.any Aerograph. 
It will also fit other commercial or laboratory built 
gas chromatography units. 


The Aerograph Hydrogen Flame Kit Model A-500 


is complete and ready to use with stainless 


s.s. column. 


steel flame head, high impedance electrometer, 
shielded cables, air pump, air filter, gas con- 
nections, hydrogen restrictor, and one 5’ x ¥” 


Delivery from stock $495.00. 


wer was turned on full to program the ane 
x 


265°C in 62 minutes. A 5 ft. x ¥% in. SE-30 silicone column was used at 


Note the ease with which paraffin wax components from C2, to C,. are separated. A 
0.5 lambda sample of a 1% carbon disulfide solution (5.0 micrograms) was injected 
rature up to 
attenuation. 


FOR ALL YOUR GAS CHROMATOGRAPHY NEEDS 


WILKENS 


P.O 
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INSTRUMENT AND RESEARCH 


Box 313 Walnut Creek. California 


INC. 


is of fundamental importance. For ex- 
ample, a particle such as an alpha or a 
beta ray expends an average of about 32 
ev of its energy for each ion pair it pro- 
duces by collision with molecules in air. 
Thus, a 1 Mev alpha creates about 3 x 104 
ion pairs in its total path. Since the 
charge on an electron is 1.6 X 107!9 
coulombs, the maximum negative charge 
that could be collected, if no recombina- 
tion of ions occurred, would be 5 
coulomb. _ If all this charge were collected 
in 1 second, the current flowing during 
that time would be 5 X 10 amperes. 
By means of present-day high sensitivity 
electrometer-amplifier circuitry, it is pos- 
sible to make reliable current measure- 
ments as low as 10~-' amperes. How- 
ever, for these small currents to be inter- 
preted in terms of radioactivity, it is 
necessary that the leakage currents across 
the insulation be made as small as pos- 
sible. 

The leakage current in an ionization 
chamber is due to (1) surface conductivity, 
through any moisture and dirt on the 
surface of the insulator, (2) volume con- 
ductivity, through the bulk of the in- 
sulator, and (3) stress current, due to the 
relaxation of strain in the insulator re- 
sulting from mechanical or electrical 
stresses. To minimize surface conduc- 
tivity, the insulator should be hydro- 
phobic, and the surface should be polished 
smooth, so that no scratches or pores 
are available for capillary condensation 
of moisture. To minimize volume con- 
ductivity, the resistivity of the insulator 
should be as great as possible. The 
volume resistivities, in ohm-cm, of com- 
monly used insulators are: polystyrene, 
>10”; fused quartz, >5 Teflon, 
10'*-10"8; Ceresin wax, >5 X 10'8; poly- 
ethylene, 10%; amber, 5 10'*. Stress 
currents tend to be greater for soft insu- 
lators than for hard ones, but the rate 
of relaxation of the strain is faster for the 
softer materials. Ion chambers for use 
with solid samples at atmospheric pressure 
are not subjected to much stress, and 
polystyrene insulators can be used with 
advantage. However, if radioactive gases 
are to be measured, pressure differentials 
on the insulators during the filling and 
emptying manipulations can cause dis- 
turbing stress currents, and hard insu- 
lators such as fused quartz or alumina 
are to be preferred. 


CHAMBER ——— HIGH VOLTAGE INSULATOR 


~GUARD ELECTROOE 


— COLLECTING ELECTRODE 


R 


COLLECTING 
VOLTAGE 


Figure 4. Detail of the electrode arrangement 
in a cylindrical ionization chamber. 


A technique commonly employed to 
reduce the effect of the leakage current 
on the measurement of the ionization 
current is the use of a guard electrode, 


(Continued on page A140) 
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Bausch & Lomb takes the blind 
spots out of microscopy | | 


BAUSCH & LOMB 


LABORATORY MICROSCOPES 


See the advantage of optimum magnification. 
The revolutionary new B&L MicroZoom* optical 
system that makes “‘step magnification” obsolete. 
Now you can study and photograph specimens 
at the ideal magnification for all detail of every 
specimen from 17.5X to 1940X! 

And you'll see better than ever ...new high 
resolution 1.30 N.A. objective ...new 1.30 N.A. 
condensers . :. new Hi-Intensity illuminator (10 
to 20 times brighter than any other). 

You’ll enjoy more convenience, greater com- 


fort... concentric coarse and fine focusing con- 


trols, concentric stage controls, all in low, hands- 
at-rest position. 

And how’s this for combining flexibility with 
economy? Choose any of 6 microscope bodies— 
they all fit interchange- 
ably in the basic stand, 
and are all rotatable | 
®Trademarks, Bausch & Lomb 


BAUSCH & LOMB 


Same price range as before... but more im- 
portant, you can have complete reliance in its 
100% American manufacture to the world’s high- 
est standard—plus the whole-hearted support of 
America’s most dependable scientific instrument 
dealers. 

Find out more; just mail the coupon. Then 
order fast to avoid delay. 


BAUSCH & LOMB INCORPORATED 
66115 Bausch St., Rochester 2, N. Y. 


0 Id like a demonstration. 
C0 Please send Catalog D-185. 
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ANALYSIS UNIT 


A AVE 


LANDSVERK 
MODEL L-75D 
ISOTOPE 
ANALYSIS 
UNIT 


The Isotope Analysis Unit 
is a sensitive, accurate 
ionization chamber instru- 
ment for measurement of 
alpha, beta or gamma 
radiation. It features simple, 
reliable operation and low 
maintenance cost. Widely 
accepted by A.E.C. labora- 
tories, it is also used 
extensively in the A.E.C. 
teacher training program. 


Model L-75K is the kit 

form which includes sample 
trays, planchets, filters, 
light source, special holders. 


641 SONORA AVENUE, 
GLENDALE 1, CALIF. 
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as shown in the diagrams of Figures 4 
and 5. The guard electrode is at es- 
sentially the same potential as the col- 
lector electrode, but is connected directly 
to the voltage source, rather than to the 
external resistor across which the output 
signal is measured. Electric charge leak- 
ing from the negative electrode through 
the insulator is collected by the guard 
electrode, and hence does not contribute 
to the output signal. Figure 4 shows a 
guard tube in a cylindrical ionization 
chamber; Figure 5 shows a _parallel- 
plate chamber, with an annulus-shaped 
guard plate concentric with the collector 
electrode. 


VOLTAGE 


vouTace” 
ELECTRODE 
\ 


ators 


COLLECTING 
VOLTAGE 
\ 


ano 
GUARO ELECTRODE 


\corvecting evectaone 


Figure 5. Schematic diagram of a parallel 
plate type of ionization chamber. 


LOW LEAKAGE INSULATOR 


The guard electrode also serves the 
important function of defining the sensi- 
tive region of the ionization chamber. 
As is shown in Figure 6, the electric field, 
which causes electrons to be conveyed 
to the collector electrode, is uniform 
up to the guard tube. Around the guard 
tube, the electric lines of force terminate 
on this tube, so that the collector electrode 
cannot gain charges from this region. 

vottoge electroa 


of farce 
electric field 


Figure 6. Surrounding the collector electrode in 
an ion chamber by a guard tube serves to define 
the vol of the chamber that is active. From 
Cockroft, A. L., and Curran, S. C., Rev. Sci. Instr. 
22, 37 (1951). 


Hence, the “active’’ volume of the cham- 
ber, i.e., the volume in which ionization 


Base assembly 


Planchets 


Figure 7. Anion chamber made by Cary Instru- 
ments, with a slide for the introduction of solid 
samples on planchets. | 
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How to detect and 


‘measure (3,7 


Choose one of these four combinations 
for a compact, all-purpose laboratory: 


+ @...0F 
0 
0+0:+9 


PROPORTIONAL 
COUNTING 
SYSTEM 


(PC-3A) 
$1395.00 


Precision detection and counting of alpha and beta- 
gamma activity in prepared samples. No window 
absorption. Full 2 pi geometry. Sample analyzed 
directly inside detecting chamber. High voltage and 
scaling systems operate with US-1 and WSC-1 shown 
below. Accessories optional. 


UNIVERSAL 
SHIELD 
(US-1) 
$395.00 


With beta-gamma 
G-M probe 


Detects gamma and beta-gamma activity in prepared 
flat samples. Also accepts gamma scintillation de- 
tector, mylar window G-M flow detector, and strip 
chromatograph scanner. Operates with PC-3A. 


© 


WELL-TYPE 
SCINTILLATION 
COUNTER 


(WSC-1) 
$995.00 


Detects low-level gamma activity in test tube type 
samples. Also takes flat type samples. All-transis- 
torized amplifier. Counter-balanced lid. Background 
lower than 140 cpm. Works with any scaler. Oper- 
ates with PC-3A. 

ALL PRICES FOB, INDIANAPOLIS 
WRITE FOR CATALOG OR PHONE COLLECT 


NMC 


INDIANAPOLIS 


Nuclear Measurements Corp. 


2460 N. Arlington Ave. * Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th Street, New York 16, N. Y. 
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make calculations directly in so 


No longer need you rely on empirical 
methods made necessary by previous 
types of current density cells. With this 
new Linear Electroplating (Cell) Ana- 
lyzer, total polarization can be calculated 
directly. Developed at the Polytechnic 
Institute of Brooklyn, the Analyzer cell 
was specifically designed to give linear 
distribution of current density along the 
electrode. Thus, calculations can be 
made from simple measurements. The 
unit has extensive laboratory and field 
applications . . . is extremely useful in 
the control, development and study of, 
plating solutions. 

The Linear Electroplating (Cell) 
Analyzer is fabricated of Plexiglass 
(II-A) to fine tolerances. The two sides 


holding the electrodes are opaque, the 
other two sides are of clear Plexiglass to 
permit unobstructed observation. The 
electrodes are held securely in place by 
the clear cover, thereby essentially pro- 
viding a closed system. The cover is de- 
signed in such a way that agitation, 
temperature control and its measure- 
ment can be readily accomplished. 

The Linear Electroplating (Cell) 
Analyzer has been granted U. S. Patent 


Newly developed 
MANOSTAT Linear 
Electroplating 
Analyzer simplifies 
current density 
study in the lab 
and in the field 


The EMIL GREINER 


ur 


ving electroplating problems 


No. 2,913,375, and royalties from its 
sale go to The Polytechnic Institute of 
Brooklyn for their aid in creating this 
successful Linear Electroplating (Cell) 
Analyzer. 

G-7953D LINEAR ELECTROPLATING 
ANALYZER consisting of Plexiglass ¢ell 
and cover only .. ...$29.50 

Electrodes are available — prices on 
request. For stirrers, thermometers and 
heaters, consult our 12th edition cata- 
log. If you do not have a copy, we will 
be pleased to send you one. 

For complete discussion of the Ana- 
lyzer Cell, see J. ELECTROCHEM. SOC. 
103 p. 549 (1956). Reprints of this 


paper are available on request. 


20-26 N. Moore St. CE Dept. 422, New York 13, N. Y 
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the first portable, “‘desk-top”’ 


Model 500 
decimal printer 


— the TMC Model 404 


The new TMC Model 404 is the most portable pulse 
height analyzer you can own. Take it and use it anywhere. 
With its all-transistor, printed circuitry and 400-channel 
memory in a package just over a cubic foot, this analyzer 
is small enough to operate on your desk. All the instru- 
ments needed for an experiment can be carried easily by 
one person. 


The Model 404 has a magnetic core memory that can be 


Model 404 
pulse height analyzer 


used in sub-groups of two or four; four separate inputs 
and associated amplifiers; internal pulse routing circuitry; 
pushbutton data transfer and display overlap; very low 
power requirements and many “‘system” advantages. And 
it can be used with the new solid state detectors. 

For readout, use its companion unit, the Model 500 
Decimal Printer; a high speed paper tape punch; strip 
chart or X-Y recorders; or an IBM electric typewriter. 


LUTERATURE ON REQUEST. 


TECHNICAL MEASUREMENT CORPORATION 
M 441 WASHINGTON AVENUE NORTH HAVEN, CONNECTICUT 
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contributes to the output signal, is sharply 
defined by the edge of the guard tube. 

Figure 7 shows an ionization chamber 
for use with solid samples, which are intro- 
duced on planchets in a slide compartment. 
This is one of the Cary ionization cham- 
bers (No. 3295400, $225) made by Applied 
Physics Corp., Monrovia, California, 
and designed to fit onto this company’s 
vibrating reed electrometer for low level 
current measurement. The construction 
is of stainless steel, the chamber has 600 
ml capacity, and the slide holds two 
2'/,-in. planchets. The voltage applied 
across the chamber electrodes is 90 v. 
Other chambers are available, ranging 
in volume from 250 to 4300 ml, and in- 
cluding flow chambers. 


Figure 8. An ion chamber arrang t de- 


signed to provide 4-pi geometry, with loop wire ~ 


collecting electrodes. 


Some ion chambers are designed to 
achieve maximum efficiency of collection 
of the ionization produced by the sample 
by entirely sirrounding the sample. 
This is the so-called 4-pi geometry, cor- 
responding to the total spherical en- 
closure of the sample, which is considered 
to be at the center of the sphere. An 
example of this design is shown in Figure 
8. Since the collector electrode cannot 
extend along the entire axis of the cham- 
ber, it is replaced by the wire loops shown. 
The loop arrangement gives a more uni- 
form field than would be provided by short 
straight wires, and eliminates the problem 
of the high field intensity that would 
exist at the tip of a wire. 

For ion chamber measurements of beta 
and gamma radiation, it is useful to fill 
the chamber with a gas at high pressure, 
to improve the efficiency of ionization and 
to cause the radiation to expend most of 
its energy within the active volume of the 
chamber. The gamma dose rate and 
survey meters of the Victoreen Instrument 
Company, Cleveland 3, Ohio, incorporate 
ion chambers of this type. An ion cham- 
ber is the detector in the ‘Cutie Pie’’ 
survey meter developed at Oak Ridge 
and manufactured by several companies, 
including Tracerlab and Nuclear-Chicago. 
General Electric, Schenectady, New York, 
has a hand-size ionization chamber 
with built-in electrostatic voltmeter for 
personnel dosimetry in the 0-300. milli- 
roentgen range ($55). Librascope, Inc., 
Glendale, California, makes a_ small 
balanced ionization chamber for personnel 
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ANTON 
“STUDENT PROOF” NUCLEAR 
INSTRUMENTS AND DETECTORS 


cw 


RADIOACTIVITY SCALER-RATEMETER 
A versatile instrument specifically designed to provide accurate measurement of 
radioactivity for school, university, industrial and medical laboratories. Its many 
exclusive features are the result of research and development carried out by Anton 
Electronic Laboratories, Inc. in cooperation with leading educators, industrial 
radiological laboratories and medical research centers. 


PORTABLE, TRANSISTORIZED, 
ALPHA, BETA, GAMMA SURVEY METER 
RANGE: 0-0.5 mr/hr, 0-5 mr/hr, 0-50 mr/hr INTERCHANGEABLE PROBES. 
The circuit design has been reliably tested in accordance with the most stringent 
OCDM Specifications. Circuit operation is accurate and trouble-free. 


ALPHA, BETA, GAMMA AND NEUTRON DETECTORS 
More than 100 types of detectors covering the entire range of nuclear radiation... 
unique configuration and “special application” devices. The Anton Neutron De- 
tector Catalog and the Anton a, b, y Detector Catalog belongs in your radiation 
facility reference file. 


For complete technical and ordering information 
write: Educational Products Division 


ANTON ELECTRONIC LABORATORIES, INC. 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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NHS NEUTRON HOWITZER TRAVERSE (RADIAL) 


SOURCE: 
PuBe ~ 
2A 108 M/SEC 


aw SURFACE 
conven une cm 


4 


Thermal neutron flux distribution in entry port using 
5 curie plutonium-beryllium source. Maximum flux 
ta is nearly 4 x 104n/cm2/sec about 3 cm from the 
ae center line. Reasonably large samples can be irra- 
diated with only slight flux variation within 6 cm 
; radius from the source. 


Nuclear-Chicago’s new Modehy- 


Announcing an outstanding nuclear, 


The Nuclear-Chicago Model NH3 Neutron Howitzer is a compact polished aluminum cy/in- 
der 22%" in diameter and 35" high. Ports are provided for neutron activation experiments. 


Physical Description of the Howitzer. A central 
storage tube in the Neutron Howitzer accepts 
as many as five one-curie plutonium-beryllium 
sources. Neutrons emerge from the source with 
average energies in the 4 MEV range. A moder- 
ating mass of paraffin around the central tube 
slows these energetic neutrons down to 
thermal" velocities (approximately 0.02 EV). 
Two horizontal entry ports extend from the 
central tube through the paraffin to the outside 
of the vessel. The chart at the left shows the 
radial thermal flux distribution. 

The neutron flux can be measured with BF; 
detectors, scintillation detectors, or with foil 
activation methods which are described in the 
experiment manual. Detector mounts, port 
drawers, indium and cadmium foils and a variety 
of foil holders and spacers are provided to 
simplify such studies. 


Radioisotope Production and Activation 
Analysis. Radioisotope production and activa- 
tion analysis are dramatic uses of the Neutron 
Howitzer which can stimulate and intrigue the 
student. Although the thermal neutron flux in 
the howitzer is relatively low when compared 
to reactors or particle accelerators, there are 
many elements which can be activated in 4 
reasonable time in the device. Radioactive i30- 
topes produced in the howitzer are generally of 
low intensity, requiring only normal care in the 
handling of the activated samples. 

Activation analysis with low-level sources has 
one major advantage over activities produced 
in a high flux device such as a reactor or 
accelerator. Only isotopes with a high activa- 
tion cross section and a short half-life can be 
detected after a short irradiation, minimizing the 
confusion of multiple neutron-induced activities. 


: 
eed 


Caliraining device 


deNiH3 Neutron Howitzer 


42 inch source handling 
tong is provided for 
manipulation of neutron 
sources. 


RABIOACTIVE 
MATERIAL 


For experimentation with low-level 
neutron sources .. . production of 
radioactive tracers . . . low flux acti- 
vation analysis 


Now, for the first time, a commercial 
instrument is available for detailed study and ex- 
perimentation with neutron sources. Although sub- 
stantial progress has been made in the education 
of students in the atomic energy field, the demonstra- 
tion and study of neutron radiations and effects has 
been largely neglected. To fill this important educa- 
tional need, Nuclear-Chicago Corporation conceived 
and designed the Model NH3 Neutron Howitzer. 

The NH3 Neutron Howitzer is a compact, versatile 
device designed for effective laboratory and lecture 
use in colleges and universities. A detailed manual 
supplied with the howitzer contains explicit and care- 
fully tested experiments which carry the inexperienced 
student safely and naturally from simple radiation 
measurements to relatively complex studies of neutron 
reactions. The design of the howitzer is such that 
original experiments and research can be easily 
carried out. 

Supplied with all necessary accessories, the NH3 
Neutron Howitzer from Nuclear-Chicago forms a 
particularly appropriate nucleus for new radioisotope 
laboratories and makes an outstanding low cost addi- 
tion to existing educational facilities. For complete 
information please write for our NH3 Brochure. 


A foil is placed ina 
holder for activation. A 
variety of foils are sup- 
plied with the howitzer. 


Spacers are provided for 
the port drawers so the 
holder can be positioned 
at various radii from the 
source. 


A r mount is fur- 
COR PORATION detectors can be mounted 
343 E, HOWARD AVE., DES PLAINES, ILLINOIS 
port. 
tivation 
1 activa- The Neutron Howitzer Laboratory. The aver- 
Neutron age laboratory using radioactivity already has 
igue the most of the instruments required for optimum 
» flux in use of the Neutron Howitzer. A simple pre- 
smpared amplifier converts any Nuclear-Chicago scaler 
nere are for use with BF3 neutron detectors. Foils and 
ied in a samples emitting gamma rays can be counted 
stive is0- with highest efficiency in a well-type scintilla- | 
erally of tion detector and a combination scaler-pulse 
re in the height analyzer. If continuous recording of 
gamma-ray spectra is desired, a recording spec- 
rces has trometer is invaluable. Nuclear-Chicago Model 
roduced Most irradiated samples also emit beta radia- DS5-5 Scintillation Well 
actor or tion and can be measured with simple beta <a amg 
1 activa: counting instrumentation. An end-window vide @ means of identi- 
, can be Geiger tube, detector mount, scaler, and timer fying gamma emitting 
izing the are required. An absorber set will permit calcu- samples by energy dis- 
tivities. lation of beta energies and will also help in crimination. 


isotope identification. 
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ANNOUNCING: 


a compact and 
precision lab 

_ instrument 

for use on 
hydrocarbons 


To save time but yet obtain more 
accurate detection of hydrocarbons, you 
will cheer this compact Hallikainen 
MICROMALYZER 

It is a complete chromatographic instru- 
ment utilizing packed columns with flame 
ionization detection to provide high sensi- 
tivity, high speed and high resolution. 
The flame-detection unit with the column 
is contained within a thermostatically con- 
trolled oven with an operating range from 
30 to 150°C. The electrometer circuit 
provides full scale sensitivity of 3 X 107" 
amps when used with a 10-mv recorder. 
There are 17 steps of attenuation in the 


Shell 
Development 
Co. design 


electrometer providing a total attenuation 
of 200,000: 1. 

The complete MICROMALYZER 
weighing but 30 lbs, is in a vinyl-clad 
aluminum cabinet 13-3/,;” wide, 9-3/,.” 
deep by 11” high. All controls are out- 
side, making them easily accessible. 

Manufactured by Hallikainen Instru- 
ments, specialists in the manufacture of 
precision scientific instruments, the 
MICROMALYZER has been proved a 
reliable time-saver for accurate analysis of 
hydrocarbons. Write today for full techni- 
cal literature. 


HALLIKAINEN 


1341 Seventh Street 
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dosimetry. The ionization current due 
to the external radioactivity is balanced 
against the ionization current due to a 
standard alpha source contained in the 
dosimeter, the difference in these currents 
determining the potential of the grid of a 
triode vacuum tube, and hence controlling 
the plate current, which is read on a 
D’Arsonval meter. 


Voltage Characteristics of Detectors 


In the case of the ionization chamber, 
the primary ionization produced by the 
nuclear radiation is collected at an elec- 
trode pair, and this collection process is 
aided by the potential difference (electric 
field) applied across the electrodes. When 
the p.d. is low, much of the ionic charge 
is lost due to recombination of ions, and 
the current is low. As the p.d. is in- 
creased, the efficiency of collection in- 
creases, until a saturation level is reached, 
as shown in Figure 9 for a generalized 
chamber. In the case illustrated, the 
ion chamber current is constant for applied 
voltages between about 50 and 250 v. 
This is the saturation, or ionization chamber 
region, and the charge collected under 
these conditions is close to the total charge 
generated by the nuclear particle in its 
passage through the active volume of the 
chamber. 

If the applied voltage is further in- 
creased, the primary ions drift toward 
the electrodes with sufficient kinetic energy 
to produce appreciable numbers of second- 
ary ions by collisions with gas molecules. 
Thus, the current collected increases over 
the saturation value observed at lower 
voltage, due to this amplification process 
occurring in the gas. This is the pro- 
portional counter region (between about 
250 and 600 v for the detector involved 
in Figure 9). This region is charac- 
terized by the fact that the current col- 
lected by the electrodes is greater than 
that obtained in the ionization chamber 
region, but is still proportional to the 
total primary ionization. 

As the applied voltage is increased 
still further, the ions produced in the 
chamber acquire more and more kinetic 
energy, the primary ions produce second- 
ary ionizations, the secondaries produce 
tertiaries, etc., and the current builds 
up. At these higher voltages (approx. 
600 to 800 v in Figure 9) the gas amplifica- 
tion is so great that the sensitivity of the 
current to the degree of ionization in the 
primary process is greatly reduced and 
the current begins to be limited mainly 
by the electrode geometry, ion mobilities, 
and electron capture cross sections in the 
gas filling the tube. This is the region 
of limited proportionality, and gives way 
at somewhat higher voltages to the Geiger- 
Mueller counter region. 

In the Geiger-Mueller (or G.M.) region, 
each primary ionization leads to an ava- 
lanche of charge, as a consequence of the 
large accelerations given the ions by the 
electric field, and the magnitude of the 
total charge collected is determined by 
the characteristics of the chamber. Hence, 
all primary ionizing events trigger the 
avalanche, and produce current pulses 
of the same size. 

Figure 9 shows that in a typical case 


(Continued on page A148) 
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When you need 
equipment for 
NUCLEAR EDUCATION... 


Talk to Tracer lab! Whether you are ina means more value for your money when you specify 
position to completely equip your laboratory now, or __Tracerlab. (Where research funds are limited, Tracerlab 
must make do with a few basic instruments, it will pay § instruments do double duty — education and research.) 
you to talk to Tracerlab! 


Tracerlab offers a wide range of instruments and acces- 
sories for nuclear education — scalers, ratemeters, lab- 
oratory monitors, detectors, sample changers, survey 
meters, radio-chemicals, reference sources, personnel 
protection equipment and many other accessories. This 
equipment is designed and built for constant use in re- For additional information on Tracerlab Equipment for 
search laboratories and a greater ruggedness and quality Nuclear Education write for General Catalog F. It’s 
than that usually offered for educational purposes. This yours for the asking. 
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the equipment best suited to the aims of your courses. 
If you’re applying for a grant for financial assistance, 
he will be pleased to assist you in the proper preparation 
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the current obtained from a given radiation 
intensity in the GM-counter region may 
be 10° greater than it is in the ionization 
chamber region. This makes possible 
a tremendous increase in sensitivity, 
and GM-counters are now routinely used 
to detect single nuclear events involving 


zation chambers. 


types of radiations (e.g., weak betas, 
or gammas) that can be detected only 
at relatively high concentrations in ioni- 


The high amplification achieved in the 
GM-counter region is gained at the ex- 
pense of a high voltage power supply, 


10? T T 
Geiger- Mueller 
1 Counter ; 
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before Collection 
10® _ lonization 
Dischorge Regon 
| 
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! 
| 
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Voltage ( volts) 


Figure 9. Generalized representation of the relationship between the current collected in a counting 
After Montgomery, C. G., and Mont- 


chamber, and the potential difference between the electrodes. 
gomery, D. D., J. Franklin Inst., 231, 447 (1941). 


and involves the sacrifice of any pro- 
portionality to the ionization intensity 
of the primary radiation. In the pro- 
portional counter region, one has both 
amplification of the original ionization, 
and proportionality to that total charge, 
but the output of the detector is very 
sensitive to the applied voltage (cf., the 
large slope of the curves between 250 
and 600 v in Figure 9), and an expensive, 
regulated high-voltage supply is needed. 


Geiger-Mueller Counters 


The voltage characteristic curve of a 
generalized GM-counter tube is shown 
in Figure 10. The physical design and 
chemical composition of the tube are 
chosen to make the charge avalanche 


COUNTING RATE 


v 
| 
i 


900 1000 1100 1200 1300 1400 
VOLTS APPLIED TO COUNTER 


Figure 10. Idealized voltage characteristic 
curve of a counter tube. Vo is the threshold volt- 
age; V is the Geiger-Mueller operating voltage. 


occur readily and reproducibly. At the 
threshold voltage, Vo, current pulses de- 
tectable by the associated electronic 


(Continued on page A150) 


Direct Measurement 
of Difference in 
Refractive Index 


The New Brice-Phoenix Differential 
Refractometer uses a split cell to 
measure the difference in refractive 
index between a dilute solution and 
its solvent. 
Limiting sensitivity 3 X 10—*. 
For complete details write Dept. CE-3 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. Phila. 40, Pa. 


MEASURE MOLECULAR WEIGHT 
AND PARTICLE SIZE 


NEW BRICE-PHOENIX UNIVERSAL 
LIGHT SCATTERING PHOTOMETER 


Measures: 
1. Absolute Turbidity 
2. Dissymmetry 
3. Depolarization 


This instrument is listed in U.S. Government specifi- 
cations for the evaluation of certain clinical materials. 
For complete details write Dept. CE-2 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. Philadelphia 40, Pa. 
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BEFORE YOU JUDGE 
INVESTIGATE 


for atomic education 


Seneca’s advice 1900 years ago was apropos for his time and for our 
time as well. In an industry as dynamic as ours, where equipment standards have still to be set, investigation by 
comparison shopping can reveal tremendous differences between similar items from various manufacturers. 


As scientists and people who make buying decisions, you are better equipped than most to make comparisons... 
to weigh evidence ...to examine facts. We urge you to exercise that singular ability when you‘re considering the 
purchase of nuclear equipment. 

As a case in point, consider the RCR-3 Scaler Ratemeter. Here is an instrument incorporating all of the rigid per- 
formance specifications essential for medical isotope applications or radio-chemical and nuclear physics research 
...@n instrument with performance guaranteed and already proven in leading national labs and research centers. 
Yet the RCR-3 costs only $750... less than half as much as its nearest competitor and just as much as 
comparable scalers or ratemeters alone! 

Review your own particular counting requirements in the light of some of these RCR-3 features. How would the 
RCR-3 best serve you in your program? 

For scintillation and proportional counting, where variations in pulse height are critical, you'll have an instrument 
with an extremely stable, well-regulated high voltage supply and an amplifier that is both linear and non-over- 
loading. You'll find the amplifier capable of handling a wide range of pulse heights without double pulsing. You'll 
find its input sensitivity so broad that you can use virtually any detector without additional amplificaion. And its 
pulse height discriminator will allow you to select the optimum sensitivity for the detector being used, to discriminate 
between pulses from different radioisotopes, and to appreciably minimize background and scatter radiation. For 
geiger counting, you'll have a wide range of voltages available from 450 up to 2500 volts and a HV limit control 
that you can preset to prevent the geiger tube from being damaged by overvoltages. 

Regardless of the detector you’re using or the region you’re counting in, you'll have the added flexibility of being 
able to count simultaneously with a precision decade scaler and an analytical ratemeter without interrupting your 
work. You'll have an instrument that’s as light as a portable typewriter and occupies less space than one square 
foot of your valuable laboratory area. 

Order it now ..equip your lab with the RCR-3 and you will be equipped to handle virtually any counting prob- 
lem in the geiger, scintillation or proportional regions. 


RCR-3 


geiger, scintillation, proportional counting 

decade scaler — 10 million count capacity 
seven-range ratemeter — from 300 to 300,000 cpm 
ultra-stable 2500-volt supply 

non-overload linear amplifier 

pulse height discriminator 

one millivolt input sensitivity 

10-microsecond resolution time 


For complete specifications of the RCR-3 and the more than 240 dif- 
ferent NCA products, write today for Catalog 59. And may we suggest that 
before planning your next equipment purchase, you contact us for the 
name of the NCA sales and service representative serving your locale. The 
combination of his specialized training and our equipment can well mean 
important savings to you in your nuclear program, 


NUCLEONIC CORPORATION OF AMERICA 
196 DEGRAW STREET, BROOKLYN 31, N. Y. 
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equipment. 


Easily Repair Them Y Yoursslt<it un- 
expected trouble ever arises simply follow 
the illustrated service steps in the Instruction 
Manual, utilizing completely interchangeable 
parts, always ‘available from 
Precision stock. 
Them For Like New— 
on Precision’s generous replacement plan 
outlined and price listed in the Precision 
Pump Exchange Program. 
How can Precision offer the Only “Service- 
Vacuum 


Through pump 
struction featuring : 


© 0.1 micron or better ultimate \ 


© 33% more gas poriped: 
larly rated ‘pumps at pressures below 
1.0 micron. | 
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@ Less space requirement... 1 weight 
24 Ibs. lighter and hei iguana 
some lesser capacity pen 
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economical operation. 
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d or exchanged . . . Precision 
Vacuum pines represent the lowest cost 


pump investment anywhere. 


Since 1920 


PRECISION 
Always in stock and available SCIENTIFIC CO. 


Contact Precision for full details on the 3737 WEST CORTLAND STREET 
umps.. . for the exclusive ‘‘Pump CHICAGO 47, ILLINOIS 
program . . .-for the name of 
t Stocking Distributor. LOCAL OFFICES IN: 
HOUSTON - NEW YORK 
PHILADELPHIA + SAN FRANCISCO 
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circuitry begin to occur. At somewhat 
higher voltages a plateau is reached, over 
which the pulse rate does not change 
much (1 to 10% per 100 v) with increasing 
potential. The usual operating voltage 
is chosen to be somewhere on this plateau. 

At. voltages greater than this plateau 
region, the avalanche of charge is so 
energetic that the counter goes into con- 
tinuous dicharge, i.e., new ionization is 
produced as rapidly as the old ionization 
is collected, and a continuous current 
flows. Under these conditions the de- 
tector is both insensitive to nuclear radia- 
tions, and subject to permanent damage 
by the discharge. 

Because of the charge avalanche mecha- 
nism, it is evider+ that if a nuclear particle 
enters the Gh ube during the time an 
avalanche is building up, it will not be 
detected, since its ionization becomes a 
part of the total avalanche. After the 
avalanche has formed. it must be col- 
lected by the electrodes. The free elec- 
trons produced by the ionization phe- 
nomena move very quickly to the anode, 
leaving behind a space charge of positively- 
charged, slow-moving gas ions. This 
space charge neutralizes the electric field 
in the region of the anode, and if a new 
nuclear particle enters the counter during 
this time, the ions it produces are not 
accelerated enough to produce an ava- 
lanche. That is, after an avalanche there 
is a dead-time, during which the detector 
will not respond to nuclear events. As 
the space charge dissipates, radiation can 
begin to produce charge pulses; small 
ones at first, growing larger as more time 
elapses and more of the space charge 
dissipates. These relationships are il- 
lustrated in Figure 11, which shows the 
shape of an initial pulse, and the shape 
of a second pulse if it occurs at various 
times after that initial one. The time 
after the initial pulse until a second pulse 
can be produced at all is the dead-time. 
The time that must pass until a second 
pulse can be produced which can be de- 
tected in the associated electronic circuitry 
used with the GM-tube is called the 
resolving time. The time required until 
the second pulse is the same size as the 
initial pulse is called the recovery time. 
The space charge effect described above 
is only one of several factors involved 
in the time constants shown in Figure 11. 


INPUT SENSITIVITY — 


Figure 11. When a GM-tube fires, there is a 
sharply rising output pulse, followed by a slower 
decay. During this decay period, no new pulses 
can be produced, resulting in the deadtime 
shown in the schematic representation. As the 
tube begins to recover, pulses can be produced 
and the pulses get larger as the time since the 
last pulse grows longer. 


The duration of the charge pulse is also 
dependent upon the tendency of the dis- 
charge to be propagated by electrons 


(Continued on page A152) 
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Beckman expanded scale pH meter 


increases readability sevenfold 


With the new line operated Beckman Model 76 
Expanded Scale pH Meter, readability to 0.003 
PH is now possible. In addition to the standard 
0 to 14 pH scale, this new Beckman unit incor- 
porates an expanded scale with a 2.0 pH full 
scale range graduated in 0.01 pH units. Thus, 
any two pH units can be chosen from the full 
0 to 14 pH range and read on the expanded 
scale. Likewise any 200 mv span can be selected 
from the 0 to 1400 mv scale with a readability 
of 0.38 mv. Features push-button operation, full 
0 to 100°C temperature compensation, and 
recorder jack. 


Thermomatic Constant Temperature Block and 
micro electrodes are available where tempera- 
ture maintenance and use of small samples are 
vital, as in blood pH. 


No. 65123A—Beckman Model 76 Expanded Scale pH 
Meter with general purpose electrodes and buffer 


No. 65123B—Thermomatic Constant Temperature 
No. 65123C—Micro Electrode Assembly.......... $65.00 
For routine use... New line operated Model 72. Beckman 
reliability at a moderate price.................. $175.00 


Ask your S/P Representative for new pH literature or write... 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta - Boston - Chicago - Columbus « Dallas - Kansas City 


Los Angeles - Miami + Minneapolis - 


New York + San Francisco + Washington 


Export Department—Flushing 58, L. |., New York. In Canada: Canadian Laboratory Supplies Limited. 
Hoffman-Pinther 


In Mexico: 


& Bosworth, .S. A. 
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A DEMAND FOR MORE... 


SO NOW 
THERE ARE FOUR 


FOUR BANTAMWARE KITS 


The best miniature glassware—Ban- 
tamware. The best way to use it—in a 
Bantamware Kit. And now there are 
four different kits, for the exact set-up 
you need. 


Kit No. 1 has ball and socket type 
joints on all inclined condenser con- 
nections. A second kit is the same, 
except that it has Teflon® instead of 
glass stopcock plugs on all appropriate 
items. A third kit resembles Kit No. 1 
but substitutes standard taper joints 
for ball and socket joints. The fourth 
kit has tapered joints and Teflon stop- 
cock plugs. 


There are over 40 glassware items in 
each kit—all you need for fractiona- 
tion, steam, atmospheric and vacuum 
distillation, chromatographic analysis, 
extraction, filtration, reflux and 
separation. 


Convenience and utility are provided 
in all Bantamware Kits. Select one of 
them for the exact components you 
need for your laboratory. 


K-27010 The Original with Ball and Socket Joints $440.00 
K-27011 The Original—w/Teflon Stopcocks $444.00 
K-27012 A New Kit— Tapered Joints throughout $438.75 
K-27013 The New Kit—w/Teflon Stopcocks $442.75 


New 32 page Bantamware catalog 
BW-2 now available. Write for your 


free copy today. 
® E. 1. Du Pont De Nemours & Co. 


bantam-ware’ 


by KONTES. ‘GLASS co. 
Vineland ,N.J. 


GOOD THINGS IN 
SMALL PACKAGES” 
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Figure 12. The sensitivity of a counting tube tends to decrease as the counting rate increases, due to 


the characteristic resolving time of the tube. 


The dashed curves are based upon idealized models; 


the solid lines are experimental measurements. From Kohman, T. P., Anal. Chent., 21, 357 (1949). 


ejected from the chamber walls by ion 
bombardment, and by the photoelectric 
effect of ultraviolet light produced in the 
ionization events. 

The dead time, or resolving time, of a 
GM-counter tube is a fundamental param- 
eter that conditions the applications for 
which the detector can be used. It 
depends upon the geometry of the tube, 
the kind of gas filling the tube, and the 
nature of the external circuitry. It 
causes the sensitivity of the detector to 


decrease with increasing radiation in- 
tensity, as illustrated in Figure 12 for 
several types of counter tubes. 

In this figure the dashed curves are 
calculated on the basis of simplifying 
assumptions; curve a assumes a constant 
dead time after each recorded event, and 
curve 6 assumes a constant dead time 
after every event whether recorded or 
not. The experimental curves depart 
significantly from the theoretical curves. 

(Continued on page A154) 
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Suction is created by the stirrer (1) 
inside coiled heater, (2) resulting 
vacuum is transmitted by means 
of tubing to pneumatic chamber, 
(3) one side of which is a neoprene 
rubber diaphragm. Withdrawal of 
air from chamber raises a weight 
from micro-switch (4) and switches 
heater on. As temperature rises, 
indicator, (5) which is attached to 
bimetallic helix (6) by a rod through 
a tube, approaches the pre-se- 
lected temperature. When this 
temperature is reached, the indi- 

cator presses a steel spring (7) 
opening an orifice in the pneu- 
matic control system allowing 
air to enter and destroy the vac- 
uum. The weight attached to the 
diaphragm falls, depressing the 
micro-switch arm and switching 
the heater off. Temperature de- 
creases until the orifice is again 
covered, the pneumatic chamber 
is evacuated, the weight rises 
and the micro-switch turns the 
heater on. 


from LAP/INE 


LAPINE 


aq more accurate 
rugged TEMPUNIT 
for water bath 
control 


TEMPUNIT is a heater, stirrer, circulator 
and controller all in a single, compact, low 
cost unit. It is designed to fit any suitable 
container to make a complete water bath 
in less than a minute! 


TEMPUNIT circulates over 1 liter per minute 
to external instruments. Its 1000-watt 
immersion heater provides temperatures from 
ambient to 95°C (203°F) in a 4-gallon 
uninsulated tank. Control differential is 

within .05°C over the entire heating range. 


This new TEMPUNIT uses a rugged, 
heavy-duty neoprene rubber bellows for 
pneumatic control. You get more dependability 
and reliability than ever. 


Pre-selection of water bath temperatures 
can be made quickly and easily with 
extreme accuracy. 


The motor used in this new TEMPUNIT 

is a silent, shaded-pole, fan-cooled, 
continuous duty 1/20th horsepower motor 
with oil-impregnated bearings. All 
submerged parts of the TEMPUNIT except 
the bimetallic sensing element are 
nickel-plated for extra long life. 


Net weight 6% Ib. Shipping weight 12 Ib. Overall height 12”. 
Case dimensions 5” x 4%" x 6%". 


No. CE 414-60 TEMPUNIT, each...............--$135.00 


LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 


§N THE EAST LAPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK PHONE LYric 1-8900 
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VARIAN 
Potentiometer 
RECORDERS 
More performance in less space 


19” 


G-10 ONE CHANNEL <1/2 CU. FT. 


THREE 


Using one quarter the space of many comparable potentiometer recorders, 
the Varian family packs exceptional function into very little space. Inter- 
changeable input chassis accommodate full-scale signal voltages from 
10mv to 500v dc., temperatures from —200°C to +1500°C, and 1mA 
current recording. The Varian recorders have 1% accuracy, 4%-of-span sen- 
sitivity, 1 or 246 second balancing time, full-span zero adjust, Zener diode 
or mercury cell reference. A selection of chart speeds from 3¢”/hour to 
16”/minute lets you pick the time resolution you need. 


In addition to being rack-mountable, the G-22 and G-11A are portable for 
use in many locations. A wide range of accessories —such as retransmit- 
ting slidewires, alarm contacts and event markers—helps broaden the out- 
standing functional versatility outlined above. Chances are a Varian recorder 
can serve your need. Write Instrument Division for detailed specifications. 


G VARIAN associates 


PALO ALTO 54, CALIFORNIA 


NMR & EPR SPECTROMETERS, MAGNETS, FLUXMETERS, GRAPHIC RECORDERS, MAGNETOMETERS. MICROWAVE TUBES, 
MICROWAVE SYSTEM COMPONENTS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, RESEARCH AND DEVELOPMENT SERVICES 
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This is approximately because in GM- 
counters the average dead time decreases 
with increasing counting rate, and in ion 
chambers there is a piling up of charge 
at high intensities that decreases the 
sensitivity of detection. 

The dead time in a GM-counter can 
be reduced by means of a quenching agent. 
A counter that contains a diatomic gas, 
such as He, Ne, or Os, as the gas filling, 
and no quenching agent, is a slow tube, 
and has a dead time of the order of 0.01 
second. Such a tube may be used with 
an external quench circuit, which serves 
to reduce the electrode voltage electron- 
ically after the start of a pulse, and thereby 
prevent the propagation of the discharge. 
As soon as the pulse begins to die away, 
the electronic circuit restores the original 
tube voltage. With such circuitry the 
dead time may be reduced to 10~? seconds. 
Figure 12 shows the characteristics of 
one such arrangement. 

The other approach to reducing the 
dead time is the use of an internal quench- 
ing agent, in the form of a polyatomic 
molecule, such as CH, or C2H;OH, or of a 
molecule that can undergo photochemical 
predissociation, such as Cl,. These are 
called self-quenched or fast GM-counters. 


J i End - window Counter 
Beom 
Figure 13. The sensitivity of an end-window 
counter varies in a characteristic way along the 
axis of the tube, due to end effects on the elec- 


tric field. From Sinclair, W., in “Radiation Do- 
simetry,” p. 230. 


The quench gas serves to “soak up’’ the 
ultraviolet radiation and other forms of 
excitation energy that would otherwise 
propagate the discharge. In the case of 
organic quench gases, these processes 
cause decomposition of the molecule, and 
these tubes have a limited life. Halogen- 
quenched tubes are not limited in this way, 
and can even withstand being subjected to 
continuous discharge. Figure 12 shows 
the marked improvement in dead time of 
a self-quenched counter compared to an 
externally-quenched one. Self-quenched 
tubes have dead times of the order of 
10~‘ sec. 

Geiger-Mueller tubes are designed to 
(1) facilitate the production of a primary 
ionizing event within the active volume 
of the tube, and (2) lead to a rapid current 
pulse and recovery. Figure 14 shows the 
design of two typical GM tubes for de- 

(Continued on page A156) 
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NEW SCREW CAP VOLUMETRIC FLASK 
SEALS TIGHT! WON'T FREEZE! COSTS LESS! 


The Bakelite* screw cap on this new 
volumetric flask holds tight, can’t 
pop off. Its conical polyethylene liner 
hugs the flask neck, seals it tight, 
won’t leak a drop. Alkalies can’t 
freeze it. 

If you upset the flask, the cap 
takes much of the shock. In storage, 
the cap keeps dust and dirt off the 
flask lip. 

No. 5650 flask with cap closure 
costs from 40 cents to $1.00 less 


than similar types with glass stoppers. 

The 25 and 50 ml sizes fill quicker 
and easier because of their funnel 
necks which also serve as mixing 
chambers. Six other sizes too: 100 
thru 2000 ml. All are Class A ac- 
curacy. All are made of PyREx® 
brand glass to shrug off chemical 
attack, mechanical shock. 

There are 16 other Pyrex brand 
volumetric flasks for your work .. . 
flasks with or without stoppers, in 


different styles and capacities. 

You will find the world’s biggest, 
widest, broadest line of labware in 
our LG-2 catalog. Remember, too, 
the quantity discounts—up to 23.5%. 


*Union Carbide Trademark 


wi CORNING GLASS WORKS 
f) 7603 Crystal Street, Corning, New York 
CORNING MEANS RESEARCH IN GLASS 


PYREX: laboratory ware... the tested tool of modern research 
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STANDARD SCIENTIFIC 


Therm-©-Plate 
Hotplates 


Standard electric hotpates as. 
i well as shaking, magnetic 


Large, ‘small, square rectangular 
size for every purpose 


‘Plus. construction that 
keeps the heat on top, sides 
and bottom cool ; 
faultless temperature control 
distortion- free heating 
surfaces - modern styling 


write for bulletin 609 . 
pages of information 


STANDARD SCIENTIFIC 


S. 808 BROADWAY 
NEW YORK 
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tection of gamma rays. The walls of 
the tube are thick, and preferably are 
composed of elements of high atomic 
number. This promotes the ejection of 
photoelectrons from the wall by the 
gamma ray, and these photoelectrons 
initiate the avalanche. The positively 
charged anode is a very fine wire, so that 


Figure 14. Typical designs of gamma-ray 
GM-tubes. Upper: an all glass tube with cen- 
tral wire collector and a cylindrical metal tube 
cathode. Lower: all metal construction. A is a 
soldered support for the end of the anode wire, 
B is a glass bead, K is a Kovar metal-to-gla:s 
seal, and S is the seal-off of the tube used for 
evacuation and filling. 


the gradient of the electric field rises 
rapidly as the wire is approached, since 
all the lines of force from the large surface 
of the cathode must terminate on the 
tiny surface of the anode. This promotes 
the development of the avalanche, and 
confines it to the vicinity of the anode, 
permitting it to be quenched effectively. 


7 


Figure 15. Typical designs of beta-ray GM- 
tubes. Upper: a thin-wall glass tube, where 
T,T is the thinned section, with an evaporated sil- 
ver deposit to serve as the cathode. Lower: an 
end-window tube, with the window, M, consisting 
of a thin sheet of mica or Mylar bonded to the 
metal barrel. 


Figure 15 shows typical beta-ray GM 
counters. Here, the principal feature 
is the provision of a thin window to permit 
soft (easily absorbed) beta-rays to pene- 
trate into the active volume of the counter 
tube. 

Figure 16 shows typical designs of beta 
or gamma counters for use with solutions. 


(Continued on page A158) 
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LABORATORY WARE 
OF HIGHEST PURITY 


e For excellent thermal shock resistance, and 
inertness 

e For guarding the real purity of your com- 
pounds in crucibles, retorts, muffles, dishes, 
tanks, pots, trays 

e For outstanding electrical properties, 
strength, impermeability in ball & socket 
joints, standard taper joints, graded seals 

e Quartz to metal seals 


A wide variety of laboratory ware is available in 
all types and sizes. Aiso, we fabricate to your 
specifications. See our ad in Chemical Engineer- 
ing, Electronic Engineers Master and Electronic 
Designers’ Catalogues. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN 
“FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey 
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MATHESON 


Compressed Gas Notes 


Just Published—the basic laboratory 
handbook of compressed gases 


MATHESON 


GAS DATA BOOK 


Third Edition 444 pages—68 tables—68 charts 


PARTIAL CONTENTS 


Information on use of 81 compressed gases 


Safety procedures for each gas and a general 
chapter, “Safe Handling of Compressed Gases” 


Recommended controls and regulators for all gases with 
dimensional drawings of connections 


Toxicity and first aid procedures for hazardous gases 
Physical constants and specifications 
Cylinder handling and storage 


The new Matheson Gas Data Book 


formation. Safe handling procedures 


is the most comprehensive fact book 
and use manual on compressed gases 
ever published. It contains essential 
data on every compressed gas avail- 
able for laboratory use. The informa- 
tion is presented in easy-to-use form, 
with liberal use of charts and tables. 


The Gas Data Book ‘describes eighty- 
one compressed gases, including spec- 
ifications, physical constants, chemi- 
cal properties, physical data, uses, 
recommended controls and other in- 


are suggested on each gas, and a 
discussion of toxicity and first aid 
procedures is included fcr each haz- 
ardous gas. A separate chapter is 
devoted to a general discussion of 
safe handling of compressed gases in 
the laboratory. 


The Matheson Gas Data Book is the 
only complete compressed gas 
manual available. It is an essential 
reference for every laboratory and 
research library. 


ORDER NOW The Gas Data Book is available only from The 
Matheson Company, Inc. The price is $8.00, postpaid in United States and 
Canada. Order now for prompt shipment. MAIL ORDER TO: The Mathe- 
son Company, Inc., P.O. Box 85A, East Rutherford, N. J. 


The Matheson Company, Inc. East Rutherford, N. J. 


Joliet, Ill. 
Matheson of Canada, Ltd. 


The information in this book was compiled by 
the Matheson Engineering Department for its 
own use, and to help Matheson customers. It is 
a company project, not an independent textbook. 
If, upon examination, you decide to return the 
book, we will refund the purchase price in full. 


Newark, Calif. 
Whitby, Ont. 
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FAST 
ACCURATE 
EASY TO USE 


~ 


CONTROLS 
All controls on front of case, clearly — 
designated. Independent pan brake - 
stabilizes the pan before beam is 
released. Simple mechanical zero 
adjustment, large range, no distor- 
tion. Easy-working doors with com- 
fortable finger-grips., 


READOUT 


Eye-level, in-line, unobstructed 
readout. Wide-spaced lines on pro- 
jected scale. Projection scale in re- 
cessed shadow box. Light filter in 
optical path cuts out glare. 


read results. 


SC 300, 300 gr. cap. 


RIGHT’ 


: One-Pan Analytical Balance 


WRITE FOR BULLETIN 659. 


W atl, AINSWORTH & SONS, INC 
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AINSWORTH 


Premium Quality at Competitive Price 


FAST ...weighing procedure is simply to load pan, dial weights, 


ACCURATE ... substitution weighing eliminates arm-length 
errors, gives constant sensitivity and accurate values. 


EASY TO USE...anyone can weigh quickly and accurately 
with the Right-A-Weigh ...frees skilled people for other work. 


Capacity: 200 g. Sensitivity: 1/10 mg. Readability: 1/20 division on projected scale 


using vernier. Reproducibility: +0.03 mg. 
Special Models: SCX, explosion proof; SCD, diamond balance calibrated in carats; 


Symbol of Quality and Progress Since 1880. 


MADE IN U.S.A. 


‘2151 LAWRENCE ST. - TELEPHONE Alpine 5-1723 - DENVER 5, COLORADO 


In the case of beta-radiation, a repro- 
ducible contact area and geometry are 
essential for quantitative determinations. 


Figure 16. Two beta-ray GM-tubes for work 
with solutions. Left: a dipping type, theSlower 
section of which is immersed into the solution. 
Right: a pipet type, in which the solution is sucked 
up to surround the thin wall portion of the tube. 


The principal difference in design be- 
tween Geiger-Mueller and proportional 
counters is that in the latter a smaller 
electric field gradient near the anode is 
desired, and that electrode consists of 
a thicker wire, or even of a metal ball, 
as shown in Figure 17. 


TO AMPLIFIER 


TO NEGATIVE 
HIGH VOLTAGE 


Figure 17. Two designs of proportional counter 
tubes. Upper: an end-window, with cathode 
cylinder, C, supported on insulators, R,R. The 
radiation enters the active volume of the counter 
through window, W. Lower: a ball type, where 
B is the metal ball that serves as collector elec- 
trode, F is a metal foil, G is a guard ring, and I is 
an insulator. 


In work with soft beta-emitters, even 
the thinnest window may abosrb or 
change the energy of the radiation too 
much to be useful. In such cases it is 
helpful to place the sample within the 
active volume of the counter, dispensing 
entirely with the window. Since such 
counters cannot conveniently be her- 
metically sealed, evacuated, and filled 
with the appropriate counter gas after 
each sample has been inserted, the ap- 
propriate gas is allowed to flow contin- 
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uously through the counter chamber. 
An example of a flow gas counter is shown 
in Figure 18. 


— 


Figure 18. Design of the flow gas counter of 
Nuclear-Chicago, with provision for removing a 
sample, and reproducibly replacing it with a new 
one, while flushing out any air that may have en- 
tered in the process. 


Figure 19 shows a commercial pro- 
portional counter with loop wire elec- 
trodes; the loop design creates an anode 
field gradient appropriate for the pro- 
portional region. The significance of 


Figure 19. The 2-pi proportional counter with 
wire loop collector, of Nuclear Measurements 
Corp. 


the proportional feature is illustrated 
by Figure 20, where the count rate ob- 
served with a mixed alpha-beta emitter 
is plotted as a function of applied voltage. 
There are two plateaus observed; the 
first, at lower voltages, is due essentially 
to the alpha rays, which produce much 


i 


if 


Figure 20. Plot of the output of the detector of 
Fig. 19 as a function of applied voltage when in 
the presence of a source emitting both alpha and 
beta radiation. Lower curve shows increment of 
each reading over the preceding one; hence it 
comes to zero at the plateaus. 


more primary ionization than do the betas. 
At higher voltages, where the gas ampli- 
fication is greater, both alphas and betas 
contribute to the total count. Thus, 
both the type and amount of radiation 
emitted by the source can be directly 
determined through proportional counting. 

The detection of neutrons through 
counter tubes presents a special problem, 
since neutrons do not produce ionization 
in a gas in the manner of alphas, betas, 
or gammas. Instead, advantage is taken 
of the specific interaction of neutrons 
with certain nuclei having high neutron 
capture cross sections; the products of 
these nuclear reactions, being energetic 
heavy particles, produce ionization which 
can then be detected in the standard ways. 
Figure 21 shows the construction of a 
commercial neutron counter; it differs 
from GM or proportional counters prin- 
cipally in the provision for incorporation 


GLASS EXHAUST PORT 


FUSED GLASS SEAL—~ 


| 
CLOSE FIT OF 4 
METAL AND 


RAMIC 
FUSED GLASS SEAL 


METAL CATHODE 


Figure 21. Details of the construction of an An- 
ton Electronic Laboratories neutron counter tube. 
The metal cathode walls may be coated with B-10 
enriched boron, or U-235 enriched U;Ox, or 
the gas filling the tube may be BF;. 
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fragile contents. 


maximum stability. 


Here’s another practical result of Nalge’s 
continuing program of product improvement 
through plastics research. You'll find these 
the most economical pipet jars you can buy— 
better all ways! 


1. NEW STRUCTURE—Blow-molded in one 
piece to provide a solid, leak-proof, unbreak- 
able receptacle for soaking and washing pipets 
and other glassware . . . for making stock 
solutions . . . for storage . . . you name it! 


Cushioning effect of resilient polyethylene ends damage to jar and 


2. NEW DESIGN —Flared top (for easier carrying, easier inserticn of 
pipet basket) and friction-fit polyethylene base combine style with 


3. NEW LONGER LIFE—Not just unbreakable—but also more re- 
sistant to chemical attack than ever before! Easily cleaned, of course, 
with no odor retention. 


Available in three popular sizes . . . all usable with Nalgene pipet 
e baskets and automatic rinsers . . . at surprisingly low cost. Just ca 
¢. your laboratory supply dealer. 


Nalge makes them unbreakable and keeps making them better! 


THE NALGE CO., INC. rocuestTEr 2, NEW YORK 
The Quality Standard of Plastic Laboratory Ware 


The Nalge Co., Inc. 
75 Panorama Creek Dr. 
Dept. 183 
Rochester 2, N. Y. 


Send me catalog on 
complete Nalgene line. 
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They were the standard .. . they were the best— 
yet our student models have been improved to meet new standards! 


No matter how good a Voland balance 
may be, we’re always striving to improve 
it even further. And our research and 
design staff has succeeded most hand- 
somely, in these more functional versions 
of our classic Student Models #100 and 
#200. 


@ New one-piece cabinet—simple and 
rugged—in rich contrasting grays @ all 
metal parts chrome plated or finished in 
black lacquer @ full width door lift @ greater 
visibility @ a delight to the eye—and easier to 
use! 


@ ONLY VOLAND BALANCES HAVE THE 
MICRO-WEDGE (R) BEAM AND CON- 
TROLLED LOAD SUSPENSION. 


@Completely redesigned rider rod carrier 


mechanism—smooth, permanently aligned 
with beam @ cabinet can be lifted off leaving 
operating mechanism intact. 


New Voland student balance models are the 
simplest to operate, keep accuracy longest, and 
are easiest to maintain of any student balance. 


THEY OFFER UNBEATABLE VALUE! 


See Your Dealer for Detailed Specifications or 
Write for Circular A-1 


Model #100, with gray Colorlith (R) 
chemical-resistant base, and two 10 mg 


Model #200, with black Carrara glass 
base and brushed aluminum sub-base, 
and two 10 mg riders............. $145.00 


VOLAN D 


CORPORATION 
Dept. B-1, 27 Centre Ave., New Rochelle, N. Y. 
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on the cathode wall of a coating of B-10, 
U-235, or of a gas filling of BFs. 
Proportional and Geiger-Mueller 
counters in a wide variety of sizes, shapes, 
and window constructions are available 
from most the suppliers of nuclear in- 
strumentation. Companies that specialize 
in the manufacture of counter tubes in- 
clude: Anton Electronic Labs., Brooklyn 
37,. New York; N. Wood Counter Lab., 
Chicago 15, Illinois; Radiation Counter 
Labs., Skokie, Illinois; Nuclear-Ohio, 
Inc., Bay Village, Ohio; Nuclear-Chicago, 
Des Plaines, Illinois; Nucleonic Cerp. 
of America, Brooklyn 31, New York; and 
Tracerlab, Waltham 54, Massachusetts. 


Scintillation Detectors 


Before the Geiger-Mueller counter was 
developed, low level radioactivities were 
measured by counting visually the light 
flashes produced in a phosphor by its 
bombardment with the radiation; the 
device was called a spinthariscope. The 
GM counter sent this device into an 
eclipse, but the development of modern 
high-sensitivity photomultiplier tubes and 
more efficient phosphors has revived the 
counting of these light  scintillations. 
In fact scintillation detection is now in 
many ways a more powerful and versatile 
technique than the electrical pulse count- 
ing techniques described above. 


N 


Figure 22. The spectral distributions of the light 
emitted from two typical scintillator crystals un- 
der nuclear radiation excitation, compared with 
the spectral sensitivity of a standard photo- 
tube. 


The effectiveness with which the light 
emission characteristics of modern crystal 


LIGHT COVER 


LIGHT PIPE 


MU METAL SHIELD 
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HOUSING —————+ 
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Figure 23. Arrangemert of shielding, scintilla- 
tor crystal, photomultiplier tube, and preamplifier 
in the Model DS-1 detector of Nuclear-Chicago. 
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Laboratory 
Conductivity 
Bridges 
and Cells 


© DESIGNED FOR 
INSTRUCTIONAL WORK 


TITRATION MEASUREMENTS 


industrial Instruments manufactures a versatile 
line of laboratory conductivity bridges and cells 
designed specifically for instructional applications 
in colleges and universities. 


RC-12B2 Conductivity Bridges are particularly de- 
signed for titration measurements and feature 
high sensitivity for an extremely wide range of 
measurements. Variable sensitivity control per- 
mits easy and rapid balancing. Effective scale 
length of 84 inches provides fast and easy dial 
readings. Separate resistance and conductance 


scales are provided. The RC-16B2 is a true AC 


bridge with bridge frequencies of 60 or 1000 CPS 
selected by means of panel mounted switch. 
Bridge balance indicated by electron-ray eye tube. 
‘Bridges are available in battery and line operated 
models. 


For complete details on our complete line of lab- 
oratory conductivity instruments and cells, fill in 
your name and address on coupon and mail today. 


Send detailed literature on 
Laboratory Bridges & Cells to... 


Address 


‘ndustrial | 


Industrial 


Instruments) inc. 


91 Commerce Road, Cedar Grove, Essex County, N. J. 
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phosphors can be matched to the sensi- 
tivity of phototube emissive surfaces is 
illustrated by the curves in Figure 22. 
When such crystals are coupled with a 
photomultiplier, the unit is a scintillation 
detector. It is now common to mount 
crystal, photomultiplier, preamplifier, and 
shielding in a single unit, as shown in the 
diagram of a commercial detector given 
in Figure 23. For work with solutions, 
a crystal with a recess or well can be 
employed to improve the geometry of 
excitation of the phosphor. An example 
of this type of scintillation detector is 
shown in Figure 24. 


removable lead disc 

large well crystal 

with light pipe 


ultipl 


CROSS SECTION VIEW jevelling screw 


Figure 24. Arrangement of the Picker X-ray 
Corp. Model 2804 scintillation detector, with a 
well-type crystal. 


Other Detectors 


The preceding discussion only scratches 
the surface of the topic of nuclear radia- 
tion detectors. Research and develop- 
ment is very active in this field, and rapid 
improvements are being made in the use 
of new detectors, such as semiconductors 
which give current or voltage pulses in 
response to nuclear radiations, crystals 
(e.g., diamond, sapphire) which show 
photoconductive effects, photographic 
emulsions with sensitivities especially 
peaked for specific kinds of nuclear radia- 
tions, and others. 


24 + 
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Figure 25. Diagram of the detector elements 
in the Nuclear-Chicago differential thermopile 
detector for the measurement of high levels of 
slow neutrons, 


The calorimetric technique is useful 
for high levels of radioactivity, such as 
are encountered in the vicinity of a nuclear 
pile. An example of a calorimetric 
detector is shown in Figure 25. Chemical 
dosimeters, in which a chemical change 
due to the effect of the nuclear radiations 
is detected, are also useful for high level 
work. 


Next: Nuclear Radiation Amplifiers and 
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Operated from the front of a fully lighted 
room the Vu Graph is a teacher's “electric 
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the teacher projects what she writes, as 
she writes it. A new word appears on the 
screen the instant she says it. . . step by 
step a problem is solved before the eyes 
of the entire class as she explains it. 
Almost without effort the Vu Graph be- 
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To learn about the specific benefits of 
Vu Graph Overhead 
Projectors for your 
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free, “no obliga- 
tion” demonstra- 
tion... or “Vu 
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a free, informative 
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66We believe the student will enjoy his work and learn more 


when he is compelled to think about the design of an experiment and 
about questions whose answers are to be found in the design 


and results of his experiments. 


“Our approach to laboratory work is based on the 
philosophy that it is the responsibility of the student 
to come to the laboratory armed with a knowledge of 
the principles involved in the experiment. The labora- 
tory work should follow the discussion of the prin- 
ciples in the lecture and recitation hours. By laboratory 
time, the student should be ready to make use of these 
principles. 


“... this manual aims not only to minimize repe- 
tition but to stimulate the student by placing him in 
situations where he must think about what he has 
learned in terms of experimental procedures and plan 
before he can act. This manual, therefore, is not a 
‘cook-book;’ detailed directions are omitted from most 
experiments. In the qualitative analysis experiments, 
‘recipes’ have been minimized. 


“The experiments have not been correlated 
with any particular textbook; they are sufficiently 
diverse to fit almost any first year chemistry textbook 
and to suit the needs of students with various high 
school backgrounds.” 


Experiments in LABORATORY STUDIES IN GENERAL 
cHemistry have been selected and designed for the 
education and stimulation of the student to increase 
his interest and independent thought. The fifty-four 
experiments included have been used in teaching sev- 
eral thousand students with or without a background 


of high school chemistry. The results of this approach — 


have shown the advantage of assuring that the student 
cannot proceed without understanding the meaning of 
his work in relation to what he has learned from the 
lectures and his textbook. 


In the unusually thorough INsTRUCTOR’sS MANUAL 
the authors have given the range of results obtained 
by their own students, in addition to suggesting ap- 
proaches, giving unknowns with quantities per 100 
students, and furnishing detailed laboratory examina- 
tions, each with several variations. The sections on re- 
agents and apparatus have been separated from the. 
unknowns and answers to questions so that they may 
be detached and given to the stock-room attendant. 
These sections contain complete lists of the quantities 
of reagents and equipment to be maintained in the 
laboratory and specify for each experiment the addi- 
tional equipment and quantities of reagents needed 
per 100 students. 


All quoted material is from the Authors’ Preface to the Instructor's Manual. 


YOU ARE INVITED to request desk copies of LABORATORY STUDIES IN GENERAL CHEMISTRY and the 
INSTRUCTOR'S MANUAL if you would like to evaluate them for your own teaching requirements. 
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* $&S Ash-Free Analytical Filter Paper. 


For many years S&S Ash-Free Analytical Filter 
Papers have been known for their extremely low 
ash content. They have been the choice of 
chemists who must have the most precise work- 
ing tools. 


To our knowledge, there is no filter paper with 
lower ash content on the market. In fact, ash con- 
tent of S&S Quantitative Papers is considerably 
lower than all other papers we have tested — less 
than 0.0072. 


MAKE YOUR OWN TESTS 
with a 

FREE S&S SAMPLER 

Mail the coupon for a free S&S Filter 


Paper Sampler made up of many grades. 
There is no obligation. 


Unretouched photographs taken during the incineration 
_of S&S Ash-Free Analytical Filter Paper 


Platinum crucible with 20 gr. 3. Crucible cfter completed 


Ask for S&S “Ash-Free” Analytical Filter Papers 


And, improved S&S methods of research coupled 
with rigid quality control methods, assure mainte- 
nance of S&S low ash standards lot after lot, for 
unsurpassed precision. 

Ask your laboratory supply house for S&S Analyti- 
cal Filter Papers—the finest, most precise filter 
paper you can specify. Yet S&S quality costs no 
more. If you would like to receive a free S&S 
Filter Paper Sampler, described on this page, just 
mail the coupon below. 


Carl Schleicher & Schuell Co. 
Dept. JC-3, Keene, New Hampshire 
Gentlemen: 

Please send me, free, an S&S Filter Paper Sampler. 
Name 
Company. 
Address. 
City. State. 


QUALITY ANALYTICAL FILTER PAPERS 
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Get correct endpoints every time with the Model 36 Titrimeter, Fisher’s new potentiometric 
titrator for automatic and manual titration. Two sensitivity levels permit pinpoint determination 
of titration endpoints. Range: 0 to +1400 mv, 0 to 14 pH. Resolution: +2 mv, +0.02 pH. Ac- 
curacy: +0.5%. (Also available: Model 35 for manual titration.) 
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Fisher makes what you need: At 116,500-sq.-ft. Indi- 
ana (Pa.) plant, Fisher builds instruments to high stand- 
ards. Above: Duo-Spectranal®, portable spectroscope for 
qualitative metal analysis, semi-quantitative determination. 


Fisher stocks what you need for fast delivery—over 
20,000 apparatus items, 7,000 chemicals in 750,000 sq. ft. 
of warehouse space. Example: stabilized Karl Fischer Rea- 
gent designed for repeated use with negligible titer loss. 


ust out of Fisher Scientific’s development lab is 
the new, automatic Titrimeter® (left), designed 
for rapid, precise potentiometric titrations. It’s typical 
of hundreds of new instruments developed by Fisher 
engineers to help you do your job more speedily, 
accurately, conveniently, safely or economically. 
Product development is only one facet of Fisher 
... Others are briefly described on these pages. Al- 
together, they are the reason why Fisher Scientific 
is a leader in laboratory instrumentation and reagent 
manufacture . . . and your complete source for 
laboratory needs. 


Fisher services your needs . . . from expert repairs to in- 
valuable technical assistance. Example: Fisher’s Gas Chromatog- 
raphy Laboratory has provided many time-saving, efficient ap- 
proaches to analysis of gases and low-boiling liquids. 


Want to know more about how Fisher can help 
you? Full details in free, data-packed bulletins. Just 
clip, fill out and mail coupon to Fisher Scientific 
Company, 109 Fisher Building, Pittsburgh 19, Pa. 


Fisher Scientific Company 
109 Fisher Building 
Pittsburgh 19, Pa. 


Please send me information on the following: 

0 “This Is Fisher” (0 “Stabilized Karl Fischer Reagent” 
Fisher “‘Titrimeter”’ Gas Chromatography 

Fisher “‘Duo-Spectranal” 


Name. 


Company 


Street 


1 
Please Print : 


gFy FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 
Boston Chicago Fort Worth « Houston NewYork «+ Odessa, Texas 
Philadelphia Pittsburgh St.Louis Washington + Montreal Toronto 
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Facts about chemical industry 
growth that can be 
important to a student's career 


Do your students know that the chemical industry has grown at a 
rate of about 10% per year since 1929, as compared with only 3% 
for the economy as a whole? It’s a fact! And there’s every reason to 
believe that this favorable growth rate will continue. 


For the graduating student about to launch his career, this spells 
opportunity. Opportunity to grow with a growth leader. 


Allied Chemical, for example, now produces more than 3,000 diversi- 
fied chemicals at over 100 plants throughout the country. Many of 
these products are basic—used in volume by almost every industry. 
Allied is at the heart of the nation’s economy and looks forward to 
continued growth and stability. 


Since Allied offers such a breadth and variety of opportunity, stu- 
dents can get valuable aid in their career planning by meeting with 
our campus recruiters or by reading the brochure, ‘‘Your Future in 
Allied Chemical.’’ If copies are not presently on hand in your office, 
they may be obtained by writing to: Director of Placement, Allied 
Chemical Corporation, 61 Broadway, New York 6, New York. 


DIVISIONS: 


BARRETT GENERAL CHEMICAL 
INTERNATIONAL * NATIONAL ANILINE h + | 
NITROGEN « PLASTICS. AND emica 
COAL CHEMICALS SEMET-SOLVAY 
SOLVAY PROCESS 
BASIC TO AMERICA’S PROGRESS 
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New Apparatus and Equipment 


p> Labline, Inc. 3070-82 W. Grand Ave., 
Chicago 22, Illinois, announces the new 
Model 61 general purpose laboratory 
shaking bath available with the longest 
adjustable stroke. It is designed for con- 
ditions where both continuous agitation 
and controlled temperatures are required. 
Write for Bulletin 185.6. 


p> By dialing-in new weight loaders and 
fine weighing in two quick motions, ac- 
curate lab weight readings can be made in 
less than one third the usual time with a 
new 500-gram capacity torsion balance. 
The new two-dial, oil-damped balance, 
designated as DWL-5, is manufactured by 
the Torsion Balance Co., Clifton, New 
Jersey. 


> A new line of drum and pail pumps has 
recently been introduced by Multi- 
Meter Corp., 1635 Coining Dr., Toledo 12, 
Ohio. 


> Wavelength calibrators for infrared 
spectrophotometers are being offered at 
no cost by the Technical Information 
Dept, Scientific and Process Instruments 
Division of Beckman Instruments, Inc., 
2500 Fullerton Rd, Fullerton, California. 


> Thermolyne Corp., 465 Huff St., 
Dubuque, Iowa, announces a completely 
new fluidless, precision incubator. Ther- 
molyne Dri-Baths are designed specifically 
to incubate test specimens at a constant 
specified temperature in the clinical 
pathology and biochemical laboratories. 


> Undergraduate student experiments 
with radioisotopes can now be made inex- 
pensively with Model 4001 nuclear train- 
ing system being offered by Nuclear- 
Chicago Corp., 359 E. Howard Ave., at 
Nuclear Dr., Des Plaines, Illinois. This 
is the first time colleges have been offered a 
complete nuclear training system with 
experiments specifically written for use 
with the instruments. A 187-page labora- 
tory manual supplied with the system de- 
scribes 33 radioisotope experiments for 
undergraduate students in general chemis- 
try, instrumental analysis and biochemis- 
try. 


> Delta Design, Inc., 3163 Adams Ave., 
San Diego 16, California, offers versatile 
glove boxes to meet your specific needs. 
Write them for technical data. 


EDITOR’S BASKET 


When writing for additional information about new products or for 
new literature, your inquiry will receive prompt attention if you write 
on your firm or Institution letterhead and mention the Journal of 
Chemical Education and the date of the particular issue. 
booklets and similar literature are gratis unless otherwise specified. 


Pamphlets, 


p> The thermal diffusion of two gases of 
different molecular weights may now be 
demonstrated with Cenco’s No. 76430 
thermal diffusion gases apparatus. Ask 
Central Scientific, 1700 Irving Park Rd., 
Chicago 13, Illinois, for additional infor- 
mation. 


> Barnstead Still and Sterilizer Co., 108 
Lanesville Terrace, Boston 31, Massa- 
chusetts, announces the development of a 
new replacement cartridge demineralizer 
with capacity of 25 gallons per hour. This 
new BD-5 consists of a pressure-type 
cartridge holder equipped with a direct 
reading purity meter calibrated in parts 
per million impurities and ohms electrical 
resistance. 


p> A new modular periscope well suited for 
remote observation purposes and which 
can be disassembled for a different use is 
now available from the Kollmorgen 
Corporation of Northampton, Massa- 
chusetts. 


p> Natural color, air-tight, linear poly- 
ethylene glove boxes, designed to eliminate 
inherent problems encountered with exist- 
ing metal-type boxes, were announced by 
American Agile Corp., 5461 Dunham Rd., 
Maple Heights, Ohio. 


(Continued on page A170) 


CLEAR, FLEXIBLE NON-TOXIC TYGON TUBING IS STOCKED BY LABORATORY SUPPLY HOUSES 
EVERYWHERE. EVERY FOOT iS BRANDED WITH THE TYGON NAME AND FORMULATION 
FOR YOUR PROTECTION. TYGON IS A PRODUCT OF THE U, S. STONEWARE CO., AKRON, 0. 
413F-3 
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Low Cost 
ALOE 
U-V Cuvettes 


Round-Matched 
¢ Ultraviolet Transmitting 


For use with Beckman 
DU Spectrophotometers 


Available for the first time, these 
low cost, Aloe, ultraviolet trans- 
mitting, round cuvettes offer dis- 
tinct advantages to all educational, 
industrial and other research lab- 
oratories. Multiple problem of low 
cost, accurate U-V cuvettes now 
solved with these round, matched 
cuvettes. Proven in laboratory use 
over a year. No unusual etching 
noted when 4 normal acid or 
alkali concentrations were allowed 
to stand for as long as two hours. 
They compare most favorably in 
accuracy, to say nothing of cost, 
with conventional square “quartz” 
cuvettes in the 235-340 mu range 
where 95% of all U-V measure- 
ments are made. (Not Recommended 
for use with Photomultiplier.) 


74217E 


' 74147A—Aloe U-V Cuvettes, round, set of 
4, matched to tolerance of 4 % T.$20.00 
74147B — Aloe U-V Cuvettes, round, set 


of 12, matched to tolerance of 1% 


Accessories: 
Precision Molded Adapter — _ holds 
cuvettes in firm position. 


74217F — Aloe U-V Cuvette ao. 


7aa\7@ 74217E — Aloe U-V Cuvette Adapter 
with matched set of 4 cuvettes .. .$25.00 


74217D — Aloe U-V Cuvette —— 


Direct your order or request for additional 
information to: 


DIVISION OF BRUNSWICK CORPORATION 
General Offices: 1831 Olive St. @ St. Louis 3, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 
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New Literature 


@ Complete mechanical and operating de- 
tails of the Cenco Hyvac 814 mechanical 
vacuum pump for industrial and labora- 
tory applications are available in a new 
14-page illustrated Booklet, 322, put out 
by Central Scientific, 1700 Irving Park 
Rd., Chicago 13, Illinois. 


@ New advances in radiation detection are 
shown in The Fallout, a 4-page bulletin 
offered by Nuclear Measurements Corp., 
2460 N. Arlington Ave., Indianapolis 18, 
Indiana. 


@ National School Furniture Co. of 
Odenton, Maryland announces the addi- 
tion of a new Mobile Science Laboratory 
Unit to its line of plastic surfaced classroom 
cabinets. This laboratory unit is com- 
pletely surfaced on the interior and ex- 
terior with Nevamar high-pressure plastic 
laminates for easy maintenance. 


@ Luxo Lamp Corp., Dock St., Port- 
chester, offers a new 4-page lamp Cata- 
logue, #16, describing and illustrating its 
line of Incandescent, Fluorescent, Combi- 
nation and Magnifying lamps. Versatile 
Luxo lamps are portable, functional and 
precision-made of quality materials. 


@ A chapter of Dr. Harry Svenson’s work: 
Laboratory Manual of Analytical Methods 
in Protein Chemistry Including Polypep- 
tides, is available in reprint form from 
LKB Instruments, Inc., 4840 Rugby Ave., 
Washington 14, D. C. This chapter en- 
titled: ‘Zonal Density Gradient Elec- 
trophoresis,’ also gives a description of 
the LKB 3340 C Column Electrophoresis 
Apparatus as used for density gradient 
method. 


@A series of low-cost, nuclear science 
training kits, designed specifically to help 
teach and demonstrate the principles of 
atomic science, is now available from 
Atomic Accessories, Inc., 811 W. Merrick 
Rd., Valley Stream, New York. Write for 
Bulletin ED-61. 


@ Russian research in solid state physics 
is growing rapidly and the complete 
report, 60-21923 Soviet Solid State Physics, 
may be ordered from OTS, U. 8S. Dept. 
of Commerce, Washington 25, D. C. It 
contains 3 pages, and is priced at 50 cents. 


@A two page Bulletin, No. 1058, de- 
scribing their complete line of laboratory 
hot plates has just been prepared by the 
Laboratory Equipment Division, Lindberg 
Engineering Co., 2474 W. Hubbard St., 
Chicago 12, Illinois. 


@ A new edition of Inventions Wanted by 
the Armed Forces and Other Government 
Agencies, December, 1960, is now avail- 
able from The U. 8. Department of Com- 
merce, Washington 25, D. C. 


@ An index to the recently declassified 
reports of the World War II Office of 
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Scientific Research and Development, an- 
nounced by the Library of Congress as 
being ready for public use, has been 
printed for sale by the Office ot Technical 
Services, U. S. Dept. of Commerce, 
Washington 24, D. C. The index is PB 
161976. Office of Scientific Research and 
Development Microfilm Index, 770 pages, 
price $8.00 ($2 additional for foreign 
mailing). 


@ Six types of fuel cells that have proved 
feasible as electrical energy sources are 
evaluated in an Air Force research report 
now available to science and industry 
through the Office of Technical Services, 
Business and Defense Service Administra- 
tion, U. 8S. Dept. of Commerce, Washing- 
ton 25, D. C. Ask for PB 161972. Fuel 
Cell Systems. Rome Air Development 
Center, U. S. Air Force. July, 1960. 
17 pages. 50¢. 


@ For a copy of Vol. 2, No. 5, RSCo Re- 
view featuring, “‘Aerosol Dyes and Rea- 
gents,’’ contact Research Specialties Co., 
200 S. Garrard Blvd., Richmond, Cali- 
fornia. 


@ The fall issue of Perkin-Elmer’s Jn- 
strument News begins a new series on 
“Infrared in Education’? with the first 
written by R. G.-.Steinhardt, Jr., of 
Hollins College, Virginia. Copies of this 
interesting quarterly are available from 
Perkin-Elmer Corp., Norwalk, Conn. 


@ The Society of Plastics Engineers, 65 
Prospect St., Stanford, Connecticut, 
announces the availability of a new, eight- 
page, two-color brochure, Plastics as an 
Engineering Career. Included in the 
brochure are brief descriptions of plastics 
materials, the plastics industry, role of the 
plastics engineer and engineering organi- 
zation in plastics. It is illustrated by line 
drawings and graphs. 


@ Copies of the report, Suggested Built-In 
Instruments and Equipment for Laboratory 
Furniture—including Certain Specific 
Finish Requirements, may be obtained 
without charge. Request from: Lab- 
oratory Equipment Section, Scientific 
Apparatus Makers Association, 20 N. 
Wacker Dr., Chicago 6, Illinois. 


New Chemicals 


© Bio-Rad Laboratories, 32nd and Griffin 
Aves., Richmond, California, offers new 
Price List D describing the complete line of 
stable isotopes and labelled compounds. 


© Applied Science Laboratories, 140 
N. Barnard St., State College, Pennsyl- 
vania, has added a new quantitative mix- 
ture of fatty acid methyl esters to its line 
of gas chromatography standards. The 
mixture, No. H-104 is composed of methyl 
esters of the following normal saturated 


(Continued on page A172) 


Welch WOT-WIRE GLASS-TUBING CUTTER 


NEAT, QUICK, CLEAN, STRAIGHT BREAKS 


@ Cuts Pyrex-Brand Glass or soft Glass—Adjustable heating current 
@ Step by step instructions on top 
@ Wire is readily replaceable, extra wires included 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-Brand Glass, or other 
hard-glass tubes can be cut with equal ease. The 
article is first encircled with a scratch made by a 
cutter wheel conveniently mounted on the side of the 
transformer, the scratch is heated by contact with 
the hot wire, and then cooled quickly by applying 
water or by blowing on it. No other equipment is 
required. 


The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4!/2 x 9 inches high. 


Each, $42.50 No. 5210 
THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


CLINICAL PHOTOELECTRIC 


COLORIMETER 


for fast y 
and accurate 
chemical 
analyses 


Can be used for: 


e Micro and Macro Determinations 
e Maximum 3 mi. Fluid Requirement 
e More Accurate Reproducibility 


‘Newlow 


Write for additional information 


INSTRUMENTATION 
ASSOCIATES 


Distributors of Laboratory and Scientific Specialties 
17 West GOth Street New York 23, N.Y. 
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DURA-VAC 


PLASTIC DESICCATOR 


COMBINES THE LIGHT WEIGHT, 
THE IMPACT AND 

SHATTER RESISTANCE 

OF PLASTIC WITH THE 
TRANSPARENCY OF GLASS. 


1) “DURA-VAC is transparent.” 
92% light transmission. 


2) “DURA-VAC is featherweight.” 
50% lighter than glass. 


3) “DURA-VAC is strong and safe.” 
Yes, DURA-VAC is strong and safe. 
It is extremely implosion resistant. 
You can even drop it and 99 times 
out of a 100, DURA-VAC will re- 
main intact. 


4,5,6) “DURA-VAC has other advantages”: 
The patented self-releasing lid does not 
stick, does not freeze to bottom during 
evacuation. DURA-VAC has a large work- 
ing area: holds 2 Ibs. of Drierite or similar 
material. DURA-VAC has a unique stopcock 
with upward vents that prevent returning 
air from disturbing contents. 

Find out all about DURA-VAC. Write © T. M. Ace Gines 
Dept. J for Bulletins #5810 and #5815. 


ACE = GLASS 
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fatty acids: Cu, Cis, Cis, Cro, C22, and Cu, 
and is made by combining known weights 
of the individual highly purified esters. 
Six other quantitative and four qualitative 
mixtures are also available. 


Miscellany 


% Food and Drug Research, Volume 7 
Number 4, offers the following as proof 
that the search for knowledge is unending 
and perhaps endless, if these gems from 
their mail are any indication. 

“As I am taking a special course in 
nutrition I would be much obliged if 
you send me as much information as 
possible on food.”’ 

“Can you recommend a good book or 
data source for performing toxology 
(sic) tests (e.g., strychnine)’’—(from a 
college teacher). 

“T desire help in developing southern 
food formulas, ete., and to develop, or 
to supply brushless shaving cream, and 
similar harmless preparations, to sell to 
health-minded people.”’ 

“T am interested in the manufacturing 
of glandular products in tablet form or 
in liquid for hypodermic administration. 
I wonder if you are posted on these 
problems if you are I would like to 
learn it. You can write me out the 
processes and I shall compensate you.’’ 

“Please send me any information 
possible about your company as we are 
studing (sic) about this in school.’ 
“Please send any information and 
illustrative material you have on 
vitamin B,. Send immediately.’”’—from 
another university instructor. 

“T heard quite a little about your 
drugs and food chart. Would you 
please send me a food chart. I am 
anxious to look it over.”’ 


% Do you know what ‘‘textryls’’ are? 
Read the article, “Between Paper and 
Textiles’ in the January, February, 1961, 
issue of DuPont Magazine. 


% Another important event in the rapid 
growth of nuclear technology was intro- 
duced recently when the Government 
Patent Office issued U. S. Pat. No. 
2,968,722 assigned to Tracerlab, Inc., of 
Waltham, Massachusetts. The patent 
involves the broad principle of ‘Radio- 
metric Exchange,’ a technique with po- 
tential wide utility in air pollution studies, 
atmospheric and outer space measure- 
ments and industrial process control. 
Briefly, ‘‘Radiometric Exchange’’ in- 
volves the super-sensitive detection and 
analysis of chemicals and gases by causing 
them to react with a radioactive com- 
pound. Techniques evolving from this 
new method offer several distinct ad- 
vantages over previously existing tech- 
niques: 1. Extreme sensitivity with ac- 
curacy in the parts per billion range, 2. 
Continuous monitoring and analysis for 
long periods of time without attending 
personnel, 3. Simplicity and compact- 
(Continued on page A174) 
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Made of Corrosion-Free Polyethylene 


POURING 
SPOUT 


Fits standard and 
non-standard taper 
reagent bottles. 
Pours evenly, whether 
fast or slow. Will 
not drip. Equipped 
with tight - sealing 
dust cap. Uses our 
standard hollow 
stopper for cap. 
Nine sizes, priced 
from .20 each in 
case (72) lots. 


FILTERING FUNNEL 
Perfect For General Chemistry 


Designed for quick filtration—no airlock. 
65mm diameter, 60° angle, parallel stem 
60mm long and 8mm diameter. Priced 
.28 each in case (72) lots. 


Engineered For 
The Laboratory 


CHECK 
VALVE 


Lightweight. Use in vacuum lines to filter 
flask. Overall length 2'/,”, tube connec- 
tions */,” long, taper to 1/4”. Priced .45 
each in case (72) lots. 


REAGENT DISPENSER 


The Safe Way to Handle Acids. 
Screws on any standard 5 pt. acid 
bottle and regular gallon or '/2 gal- 
lon jugs. One hand operation de- 
livers reagent at about 1000ml. per 
minute. Slight pressure on relief 
valve stops flow instantly. Priced 
$3.25 each in case (36) lots. 


Send for catalog of complete line of 
unbreakable polyethylene labware 
—sold through leading supply houses. 


PIONEER PLASTICS in. 


Box 8066 Arlington Branch, Jacksonville 11, Florida — 
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ness, i.e., in some cases the instrument need 
be no larger than a household flashlight, 4. 
Selectivity: Utilization of the method 
allows analysis of a single compound or 
gas in a situation where many others might 
also exist, 5. The system can detect an 
extremely wide range of compounds. 

In a typical case, air pollution studies, 
the principle is applied to the measurement 
of Sulfur Dioxide in the atmosphere by 
drawing the atmosphere through a small 
reaction cell. The Sulfur Dioxide in the 
air reacts with the cell to form a radio- 
active gas. The amount of radioactive 
gas generated is directly proportional to 
the amount of Sulfur Dioxide in the air. 
By counting the radioactivity present with 
a geiger counter, a direct determination of 
the Sulfur Dioxide content in the atmos- 
phere is accomplished. 


* J. H. Flynn of the National Bureau of 
Standards suggests that by using a 
simple mathematical method, which in- 
corporates a time-ratio table, the order of a 
chemical reaction can be rapidly calculated 
Deviations from constant order resulting 
from errors in initial times, initial con- 
centration, stoichiometry, and from the 
reaction following a more complex rate 
expression can be interpreted. 


*% To augment its regular curriculum and 
research programs in applied surface 
chemistry, the Chemical Engineering 
Department at M.I.T. is offering a two 
week course in this field during the 1961 


- Summer Session. Entitled ‘Fundamen- 


tals and Applications of Selected Surface 
Phenomena,”’ the course will delve into 
detergency, filtration and drying, rheology 
of suspensions, surface effects in fuel cell 
technology, and heterogeneous catalysis. 
To compliment these practical applications 
involving surface effects, discussions will 
be held on the more basic topics of flow 
through porous media, flocculation and 
deflocculation, absolute reaction rate 
theory, physical and chemical adsorption, 
and electronic structure of catalysts. 
Although motivated by the interest of 
chemical engineers in this field the partici- 
pation of engineers and scientists from 
related disciplines is encouraged. 

The course will be directed by Dr. H. J. 
Bixler, Assistant Professor of Chemical 
Engineering. Lectures will be presented 
by members of the M.I.T. Chemical 
Engineering Department along with in- 
vited lecturers from industry and other 
academic communities. Inquiries about 
this course to be held from June 26 through 
July 7 should be directed to the Office of 
the Summer Session, M.I.T., Cambridge 
39, Massachusetts. 


*% A collection of engravings dating from 
the 17th-19th century featuring scenes of 
the chemical industry are now on display 
in the studio of J. H. Villard, Inc. at 175 
Fifth Ave., New York 10, N. Y. A list of 
subjects available and a photo of one of 
the engravings will be sent to anyone 
interested but unable to attend the exposi- 
tion. 


Always Specify PION 
Labware For Finest Quality” 
| 
f 
i th 
i 
133 
dia 
pry #13 
#20) 


ERE’S YOUR PERFECT TEAM (.- 
H — with 
e 
2 for cleaning and drying pipettes 
ALCOTABS 
or 
: 
an world’s best detergent 
ies, 
ant ...in TABLET FORM! 
by 
all to effectively remove the 
“os most stubborn foreign matter 
ive a 
= Here’s the best way to clean a full load 
ith of pipettes in one easy operation! 
va ALCOTABS improve the washing ac- 
os- tion of your washer AT A COST OF 
ONLY 5¢ for a Complete Load. One 
' ALCOTAB releases a controlled amount 
ig of detergent solution, within the first 8 
i to 10 cycles, as the water flows through 
and around the pipettes insuring 
ted thorough cleaning. After the ALCOTAB 
ing has been consumed, rinsing follows 
on- automatically. . leaving film-free, spar- 
the kling-clean pipettes. 
ate Faster more efficient ALCOTABS 
remove even the most stubborn for- 
_" eign matter, blood, serum, etc., in 
ace either warm or cold...hard or soft 
ing water. Order a _ supply of new 
[wo ALCOTABS today! 
961 
en- . Box of 100 tablets $5.00 
ace 
PIPETTE WASHER 
ogy ) 
cell 
and PIPETTE DRYER | 
ons 
heer THE BOEKEL PIPETTE WASHER provides a continuous supply 
anes of fresh clear water that flows through the fragile pipettes cleaning + 
ate them quickly and safely. The washing cycle is silent, automatic and 
ion, continuous—operating even with a low volume of water. 
a THE BOEKEL PIPETTE DRYER circulates hot air to completely 1. Drop one Alcotab into Pipette Washer. 
‘ici- en moisture from all surfaces of the pipettes. Approximately 
“om one hour is required for the drying operation. Moisture is released 
* through vented top. = 2. Place holder with Pipettes into washer. 
1374—Pipette Washer, stainless steel, 22'/2" high by 6” diameter with 10'/.” B. on cold or worm water 
: l diameter base. Includes stainless steel pipette holder. Will hold pipettes up to 
375 mm. length. 4. After the Alcctab has dissolved allow 
es #1374 Stainless Steel Washer with Pipette Rack..................... $66.95 ea. to rinse in the usual manner. 
out 1372—Pipette Dryer, stainless steel, 23'/,” high by 5'/2” diameter with 10'/2” ’ 
ugh diameter base. Heated by 225 watt, 115 volt unit with toggle switch control. Order a box today from your supplier— 
oa Neon Pilot light and safety ground plug. or send for samples and literature. 
dge #1372 Stainless Steel Dryer (without rack)..............0.....-. ... $46.35 ea. ALCONOX, INC. 
853 BROADWAY, NEW YORK 3, N. Y. 


#00 | ORDER THROUGH YOUR LABORATORY SUPPLIER oo 
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OPPORTUNITY 

FOR THE 
Ph.D. 
PONT 


It’s good. Here’s what Du Pont offers: 


A chance to grow, to build on his college or graduate 
training as he works with, and learns from, men who 
have already made their mark. 


A chance to advance, at a rate consistent with his 
growth and development. 


A chance to achieve distinction in his field, on projects 
that are stimulating and challenging. 


Engineers, Chemists, Physicists and Mathematicians 
soon to receive a B.S., M.S. or Ph.D. should talk with 
their Placement Officer or with our personnel repre- 
sentative when he’s on campus. Or they can write us 
direct. E. |. du Pont de Nemours & Co. (Inc.), Room 
2419 Nemours Building, Wilmington 98, Delaware. 


REG. 5. pat. OFF. 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 
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INSPISSATION 


 PASTEURIZATION 
FRACTIONAL STERILIZATION 


PRESSURE STEAM STERILIZATION 


wih AMERICAN 

Square Cabinet 
LABORATORY Sterilizers 
featuring \sothermal Control 


@ The diverse sterilization needs of the modern 
technical laboratory are fully and economically met 
by the versatility of American Sterilizer Pressure 
Steam Laboratory Sterilizers. 


Accurate, low-temperature processing of heat- 
sensitive or heat-coagulable media and fluids is 
readily performed by Amsco’s exclusive Isothermal 
Control which maintains pre-selected chamber 
temperatures well within the critical tolerance. 


The fully automatic Cyclomatic Control assures 
positive standardization of techniques with a 
minimum of time and attention from the operator. 


Up to 100% greater usable capacity is provided 
by the square chamber which permits more efficient 
loading. Installation and maintenance are simpler 
and less costly because of the stainless steel cabinet. 


For steam or electric heat. Chamber sizes 
16’’x 16’’x 24” or 20’’x 36”. 


FREE 
AMERICAN Write for Amsco’s new 

16-page brochure SC-318R 
STERILIZER illustrating a complete variety 


of standard and special purpose 
sterilizers for pressure steam 
or ethylene oxide gas. 


ERIE*PENNSYLVANIA 


World's largest designer and 
manufacturer of Hospital and 
Laboratory Sterilizers, Surgical 
Tables, Lights and Biological 
Research Equipment 
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of the shies forceful terms in education’s lexi- 

the word concentration is also the secret of 
manufacturing success. Just as we concentrate on 
the production of top quality laboratory glassware 
at the lowest cost possible, we make it possible f 
you to concentrate on saving a substantial part « 
your fab supply budget for other needed materials. 
If you are now using Diamond D laboratory glass- 
ware, you are getting the best value for e 

lar spent. If you aren’t . 


DETACH PAGE BY CUTTING ALONG THIS LINE—INDIVIDUAL DEMONSTRATIONS MAY BE CUT APART AND PASTED ON 5 X 8 CARDS 
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CIS-TRANS ISOMERIZATION 


Rewritten from: Oliver Grummitt, THIs JOURNAL, 18, 447 (1941) by F. B. Dutton 
Checked by: Vance Hamilton, East Lansing High School, Michigan 


PREPARATION 


Three 20 X 150-mm test tubes; dimethylmaleate; 
a 5% solution of bromine in carbon tetrachloride; a 
600-ml beaker and provision for heating it; a 75-100 
watt light bulb and suitable extension cord. 


DEMONSTRATION 


H—C—CO-OCH; Bromine 
u-¢_co.0cH, Light CH;0-0C 


Dimethylmaleate Dimethylfumarate 

Into each of three test tubes measure 10 ml portions 
of dimethylmaleate. Into two of the test tubes place 
two drops of a 5% solution of bromine in carbon 
tetrachloride. Wrap one of these test tubes with dark 


opaque covering. Place the three tubes in a beaker of 
boiling water so that each receives the same amount 
of light from the 75-100 watt bulb which is placed one 
foot away. At the end of 5 minutes, remove the tubes 
and cool with shaking under the cold water tap. The 
irradiated sample containing the catalyst rapidly 
solidifies as colorless crystals of dimethylfumarate. 
The wrapped tube containing bromine appears un- 
changed. The third tube which contained no catalyst 
but which was irradiated also appears unchanged. 


REMARK 

A di» »»sion of the chemistry involved, and the 
recovei> v: the dimethylfumarate are given in the 
reference cited above. A synthesis of dimethylmaleate 
appears below. 
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SYNTHESIS OF DIMETHYLMALEATE 


( A Chem fd 


Rewritten from: Oliver Grummiit, THIS JOURNAL, 18, 447 (1941) by F. B. Dutton 
Checked by: Vance Hamilton, East Lansing High School, Michigan : 


PREPARATION 


58 g (0.5 mol) of maleic anhydride, 160 g (200 ml, 
5.0 mols) of methyl alcohol, and 4-5 ml of concentrated 
sulfuric acid are ‘refluxed on a steam bath for 4-5 
hours. The condenser is then set for distillation and 
the excess water and alcohol are distilled off. The 
residue is washed with two 20-ml portions of water, 
two 20-ml portions of 5% sodium bicarbonate solution, 


and then once more with water. It is dried over Drierite 
or anhydrous magnesium sulfate and distilled. Collect 
the fraction boiling at 200°-207°. Yield, 50\g, 70% 
of the theoretical. _ 


DEMONSTRATION 


See cis-trans isomerization item above. 
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Let Your Eyes Tell You... 


COLORLITH TOP 


IN INTRICATE TOPS, Col- 
orlith can be readily 
fabricated for “the fine 
furniture look.” There is a 
wide choice of thicknesses 
%”, 1”, %", 1” and 
1%”...which offers design- 
ers a wide range of possi- 
bilities. 


AFTER 12 YEARS 


J-M Colorlith’ Sheets for | l 


outwear stone, painted 


IN SHELVING, the ability 
of Colorlith to hold ordi- 
nary screws makes possi- 
ble the assembly of shelves 
using simple butted joints. 
Sheet-metal screws can be 
threaded directly into the 
material (after drilling a 
lead hole). 
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IN HOODS, use Colorith 
for frame, base, support- 
ing members and working 
surface! It is virtually in- 
destructible. No extra 
thicknesses are needed for 
maximum protection from 
chemical gases and ther- 
mal shock. 


WITHSTAND 
BOTH PHYSICAL 
AND CHEMICAL 
ABUSE IN 
SCHOOLS 

AND 
UNIVERSITIES 


School and university laboratories 
everywhere have found that J-M 
Colorlith is the ideal working sur- 
face for table tops, fume hoods, 
shelving and similar applications. 
Colorlith is a mixture of portland 


C 


cement and carefully chosen asbes- 
tos fibers, integrally mixed with 
chemically-resistant color pigment 
and fillings — then subjected to hy- 
draulic pressure to form a dense, 
homogeneous sheet. 

Colorlith can take the daily pun- 
ishment of service in any type of 
laboratory. Thermal shock, impact, 
cutting and abrasion have no effect 
on Colorlith. In tests, Colorlith 
had equal or better resistance to 
chemical spot tests in 63 out of 65 
cases, compared with natural stone! 


Colorlith is available as original 
equipment on laboratory furniture 
made by virtually all leading mak- 
ers. Old laboratories can have a 
“new look” and gain “new utility” 
with replacement tops of J-M Color- 
lith. Either replace the entire top 
with full-thick Colorlith (%”, 1” or 
1%”), or resurface worn tops with 
%” Colorlith (epoxy or contact ad- 
hesive will bond Colorlith to wood, 
stone, metal or composition tops). 

Send the coupon today for your 
FREE copy of J-M Brochure on 


JOHNS-MANVILLE 


Volume 38, Number 3, March 1961 / A181 


Laboratory Tables and Counters 


Colorlith in laboratory applications, 
IN-296A. Ask your supplier of lab- 
oratory furniture for details, or 
write Johns-Manville direct. Cable 
address: Johnmanvil. 


Johns-Manville 
Box 14 
New York 16, N. Y. 


Please send me my copy of J-M Bro- 


chure IN-296A on Colorlith for lab- 
oratory furniture tops. 


Name 


Srh 7 


Street. 


City. Zone 


County. State 


L 


| 
ries 
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DOUBLE VALUE pH meters... 
Utmost accuracy-easiest operation 


Here is the Coleman philosophy, ex- 
pressed in pH meters... utmost accu- 
racy with simplest operation. Test 
these instruments yourself. See how Cole- 
man has simplified the intricate art of 
precise pH measurement. Ask for a dem- 
onstration. 

Coleman Companion .. . for pre- 
cision with versatility. pH or milli- 
volt measurements. 3 simple controls— 
no push buttons. Accurate to 0.05 pH. 
Manual or automatic temperature com- 


pensation. Recorder output. Sample 
sizes down to 3.5 ml. Uses Coleman or 
alien electrodes. Range 0-14 pH and 
0-1400 mv. Line operated. Price 
$300.00. 

Coleman Metrion . . . for fast, eco- 
nomical pH measurement. Contin- 


uous accuracy at any pH... big, over- 
lapping scales; full 0-14 pH range. Wide 
range of sample volumes. . . uses Cole- 
man or alien electrodes . . . ideal for 


titrations— unmatched precision at $139. 


Companion—Bulletin BB-267 « Metrion—Bulletin BB-257 
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CHEMICAL PROJECTS 


Research Ideas for Young Chemists 


Compiled by 


JAY A. YOUNG, Kings College, Wilkes-Barre, Penna. 


JOHN K. TAYLOR, National Bureau of Standards, Washington, D. C. 


Castor Oil as a Starting Material for Laboratory Preparations 
See DominGueEz, X. A., SPERON, E., anp Sum, J., J. Chem. Educ., 29, 446-8 (1952). 


By controlled processes, castor oil yields four derivatives that 
can, in turn, be used in other syntheses. The four derivatives are 
heptaldehyde, undecylenic acid, sebacic acid, and recinoleic acid, 
which is oxidized to azelaic acid. 

From heptaldehyde, amy] cinnamaldehyde, heptanol, heptanoic 
acid, a-bromoheptaldehyde, and heptaldoxime can be prepared, 
but with difficulty. These compounds, in turn, can be used for 
the preparation of heptyl bromide, pelargonic acid, heptoy! 
chloride, heptoic anhydride, an ester of heptanoic acid, heptyl 
amine, and other compounds. 

From undecylenic acid, the dibromide addition product and 
dehydro-undecylenic acid can be prepared. 

Since they are homologous, homologous derivatives of sebacic 
acid and of azelaic acid can be prepared by similar means. The 
simplest to prepare are di- and monoesters and mixed diesters. 
Electrolysis of some of these diesters yields esters with carbon 
chains of doubled length. Reduction of the diesters yields high 
molecular weight glycols. 


Questions: 


In many of the preparations described by the authors, it is 
likely that the conditions for optimum yield have not been stated 
in their article. Select a suitable compound for synthesis, using 
castor oil as the starting material, and determine the conditions 
necessary for optimum yield. 

What other derivatives, aliphatic or aromatic, or both, can 
you prepare from the compounds mentioned by Dominquez, 
etal.? Ineach case, identify and characterize the new derivatives 
you prepare. 

As completely as possible, determine the physical and chemical 
properties of any one of the compounds mentioned in the article 
and from this knowledge, suggest one or more uses for the com- 
pound selected. 

As completely as possible, determine the physical and chemical 
properties of another derivative of castor oil (aliphatic or aro- 
matic) and suggest one or more uses for this compound. 


Reduction of Benzophenone by Aluminum Isopropoxide 


See Coreg, Q. P., J. Chem. Educ., 28, 142 (1951). 


In the presence of aluminum isopropoxide, benzophenone 
reacts with isopropyl alcohol to from acetone and benzohydrol. 
The apparatus is simple; the reaction requires approximately 
two hours. The product desired, benzohydrol, is ultimately 
purified by crystallization. 


Questions: 


What other ketones will undergo a similar reaction? 
Can other alcohols, instead of isopropyl] alcohol, be used? 


Suggest reasons why, if it is found to be true, some other ke- 
tones or alcohols are not suitable and test your explanations by 
further investigation. 


Professor Cole has reported a 75% yield. Can you obtain a 
better vield? 
Is the presence of aluminum isopropoxide absolutely necessary? 


Can some other compound be used in place of aluminum iso- 
propoxide? 


Synthesis of Bis(p-aminophenyl) Sulfone for Laboratory Classes 


See Buckigs, R. E., J. Chem. Educ., 31, 36-7 (1954). 


The compound to be prepared, and some of its derivatives as 
well, are of interest in chemotherapy. In the first step, chloride 
ion is displaced from each of two molecules of p-chloronitro- 
benzene by a sulfide ion to form bis(p-nitropheny]) sulfide. In 
this reaction, the meta directing nitro group activates the chloride 
in the para position, an interesting example of electronic dis- 
tribution in the aromatic ring. An isolatable by-product is also 
formed. In the second step, the sulfide is oxidized to a sulfone, 
and in the third step the nitro sulfone is reduced to an amino 
sulfone. Notice that the sulfur, in the sulfone, resists reduction 
back to sulfide and only the nitro group is reduced. This re- 
sistance to reduction is characteristic of sulfones. 


Questions: 


Compare the relative efficacy of other reducing media with that 
of tin(II) chloride in concentrated hydrochloric acid. 


In this procedure, the sulfide derivative is prepared by dis- 
placement of a chloride ion with a sulfide ion. Show whether 
other halide ions, or the same halide ion (chloride), can also be 
displaced by hydrosulfide ions or by mercaptide ions. 

In the synthesis described, the sulfide ion acts as a reducing 
agent. Show that the sulfide ion can reduce other substances, or, 
that sulfide ion acts as a reducing agent only under special condi- 
tions. 

What other procedure can you suggest (from your laboratory 
work) which will result in the oxidation of bis( p-nitrophenyl) 
sulfide to bis(p-nitropheny]) sulfone? 

Show, by a series of experiments with other sulfones, that sul- 
fones resist reduction. 

What other reactions can you find which illustrate the effects 
of a nitro group upon the electronic distribution in an aromatic 
ring? Demonstrate this effect by suitable studies in the labora- 
tory. 
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The presence of either chromium or iron can be misinterpreted 
as an indication of the presence of aluminum, since both of these 
elements will form a bright red lake with “‘aluminon” (ammonium 
aurin tricarboxylate). In the usual procedures, either or both of 
these elements may well be present at the step where it is proper 
to test for the presence of aluminum. Other elements, such as 
zinc, cobalt, and lead, will also give a false test for aluminum with 
aluminon, though it is not likely that these will be present at this 
stage of the analytical procedure. 

Removal of chromium can be effected by using bromine water, 
instead of a peroxide, to oxidize the chromium to chromate; and 
iron is satisfactorily tied up by chelation with a specific chelating 
agent. The procedure is detailed in the article. 


Questions: 


What are the maximum concentrations of chromium and iron 
that can be tolerated when using the procedure of Smith and 
Shute? 

What is the minimum concentration of aluminum that is detect- 
able using their procedure? 


Separation and Detection of the Aluminum lon in Qualitative Analysis 
See Surru, 8. B. anv J. M., J. Chem. Educ., 32, 380-2 (1955). 


Is it possible to modify the procedure to make it more sensitive 
for aluminum and less sensitive to interference by chromium and 
iron? 

Is it true that, for aluminum, the best red lake is obtained when 
an acidic solution of pH less than 3.5 containing both dye and 
aluminum ions is reduced in acidity to a pH of 5 to 7.2? 

What acidic or basic conditions are optimum for the formation 
of a red lake by chromium or iron? 

Smith and Shute list six elements in addition to aluminum that 
will form a red lake with aluminon. Are there any others? 

Will any substance other than ammonium acetate minimize 
interference by zinc, cobalt, and manganese, when these are 
present in small amounts? 

How does ammonium acetate prevent interference by these 
three elements? 

Can you find another substance which, used like ammonium 
acetate in the test for zinc, cobalt, and manganese, will prevent 
interference by lead, chromium, or iron? 

Basing your investigation upon the principles stated in the 
article, can you devise another procedure which will also identify 
the presence of aluminum in the presence of chromium and iron? 


See McDurrte, B., J. Chem. Educ., 29, 36-7 (1952). 


Following a brief introductory statement, this article lists 35 
topics in qualitative analysis. Each topic is suitable for study by 
a student (several of the topics listed comprise more than one 
project) and differ from the questions listed in this series only in 
their mode of presentation. No questions need be appended here; 


Undergraduate Research Projects in Qualitative Analysis 


this article is strongly recommended to any student who is in- 
terested in learning more about qualitative analysis. The topics 
listed cover a broad range of difficulty: from a measurement of 
the sensitivity of the flame test for sodium to the determination 
of a suitable test for nitrate in the presence of nitrite. 


See Brown, J. A., J. Chem. Educ., 30, 363-4 (1953). 


The well-known use of “cobalt glass” to identify potassium 
in the presence of sodium in a flame test can be extended to other 
mixtures by using specially prepared color filters. These are 
made by dissolving the proper dyes in a lacquer base, then apply- 
ing the colored lacquer on a glass plate. 


Brown lists the recipes for preparing filters to be used in flame 
tests which will distinguish strontium or barium, or both, from 
calcium and which will permit the identification of potassium 
in the presence of sodium. (Platinum wire is suggested as a 
support for the solution to be tested. Nichrome wire, used in 
electric heating elements, is equally suitable and less expensive. 
Or, the solution to be examined can be sprayed into the air port 
of a Bunsen burner. ) 


Unkowns in High School Chemistry 
See Juraue, B., J. Chem. Educ., 28, 102-3 (1951). 


A simple but effective procedure for the separation and identi- 
fication of 23 cations and 9 anions is described. The procedure is 
not similar to that usually used and is probably restricted, if it is 
to retain its simplicity, to the 32 ions named in the article. 
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‘Lacquer Color Filters for Qualitative Flame Tests 


Questions: 


Prepare other colored lacquer filters and use these to identify 
the components of a solution containing ions other than Sr**, 
Bat+, Cat+, K+, and Nat. 

Brown states that since all of the bright lines of calcium are 
nearly duplicated by those of either barium or strontium, calcium 
cannot be identified by a flame test when both barium and stron- 
tium are also present. Do you agree with this statment? Con- 
firm or deny your opinion by laboratory tests, using suitable 
colored lacquer filters. 

Build your own spectrometer, or use one that is available, and 
show why a colored lacquer filter can be used to identify the 
presence of a particular element with a flame test. 

Using colored lacquer filters with flame tests, can the ions in a 
mixture be determined by a person who is color blind? 


Determine the sensitivity of Jurale’s procedure for several or 
all of the 32 ions listed. Select one more ion, such as Sn‘*, 
Hg,?*+, Cr2O.2- or S.0;?-, and devise a suitable modification of 
Jurale’s procedure which will permit the separation and identi- 
fication of the additional ion as well. 

Can you modify the procedure given in such a way as to in- 
crease the sensitivity of detection for several of the 32 ions? 
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Torsion’s new line of weight-loading dial balances retains all the proved 
advantages of the unique Torsion principle which eliminates knife edges 
and guarantees long-lasting accuracy. 

Since Torsion introduced the “fine weighing” dial over a year ago, users 
have reported substantial savings in weighing time. Now Torsion has 
added a “weight-loading” dial which enables the user to “dial in” 
additional weights as described in the specifications for each new balance. 
Both dials can be used without arresting the balance. 

By using two dials, one for weight loading and one for fine weighing, 
Torsion has cut weighing time even more. 

With Torsion’s new two-dial feature, the time-consuming handling 

of small, loose weights has been eliminated. In addition to faster weighing, 
Torsion’s new dial balances with weight loaders minimize the possibility 
of weights becoming inaccurate from rough handling. 

Ask your laboratory supply salesman for a demonstration 

or write for complete specifications. 


Torsion Balance Gem/fany 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, lil., San Mateo, Cal. 


A TORSION MODEL DWL-3 


Capacity: 200 grams° 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.02 gram graduations 
(Readability: .005 g) 


TORSION DWL-5S 

Capacity: 500 grams 
Weight-loading Dial: up to 90 
grams by 10 gram increments 

Fine Weighing Dial: 10 grams by 
.1 gram graduations 

(Readability: .02 g) 


TORSION DWL-2 

Capacity: 120 grams 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.01 gram graduations 
(Readability: .002 g) 


TORSION DWL2-1 

Specifications are same as the DWL-2 
except that this model has scoop 

for seeds or other bulky material. 


re 
‘ 
re 
im 
n- 
n- 
le 
nd 
he 
1a 
- 
or 
i+ 
of 
ti- 


HELPING THE 
CHEMICAL GRADUATE 
FIND THE RIGHT 
CAREER OPPORTUNITY 
AT ATLAS 

IN— 


| Research 
Development 
(\Production Engineering 


sales 


(\Ptanning 


ATLAS POWDER COMPANY 


Where New And Extensive Research Is Continually Broadening Our Horizons 
PLANT LOCATIONS: Richmond, California; Wilmington, Delaware; Houghton, Michigan; Joplin, Missouri; 


The Atlas Powder Company has created a remarkable kind of 
success story that will be of interest to all senior students and 
ambitious graduates. At Atlas the policy is to fit the right man 
to the right job — and to allow him to build his own career. 
Over the years, we have developed a highly specialized 
program of indoctrination, designed to prepare each new 
employee to do the job he does best. 


Most of the new technical personnel at Atlas start with an 
intensive training course at one of the company plants or 
laboratories. Gradually, as skills develop and increase, he 
begins to assume more and more responsibility. Individual 
advancement, once this training is completed, is determined 
by the talent and creativity of the man himself. 


Fully illustrated literature outlining this Atlas program, and 
detailed information on current employment openings, may 
be obtained from the College Placement Officer. Alumni and 
servicemen may write directly to the Employment Manager 
at Wilmington. 


Atlas Powder Company, Wilmington, Delaware, founded 
January 1, 1913, now maintains 8 plants, 4 research labora- 
tories and 38 sales offices throughout the United States. Atlas 
is an acknowledged leader in the field of industrial chemicals 
and explosives. Product lines include commercial explosives, 
polymers, specialty chemicals, emulsifiers, activated carbons. 


WILMINGTON, DELAWARE 


Tamaqua, Penna.; Memphis, Tennessee; Houston, Texas; Marshall, Texas 
RESEARCH LABORATORIES: Wilmington, Delaware; Tamaqua, Penna.; Houston, Texas; Marshall, Texas 
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___Kedak reports on: 


a reagent for alkyl halides...a book for those who plan to change worlds... 
transparency from a broader viewpoint 


One week last summer 


For many years we have been hiring 
chemistry graduate students for sum- 
mer jobs. It gives them a chance to 
look us over and vice versa. Some of 
the biggest wheels in the corporation 
came that way. Others found three 
months of estival service to mammon 
sufficient for a lifetime and have be- 
come famous professors of chemistry. 
Still others have slipped through our 
fingers to become wheels in other 
companies. (You can’t win them all.) 

Methyl Fluorene - 9 - Carboxylate 
(Eastman 8164) represents a week’s 
work last summer by one of these 
young men. The man he was hired to 
assist specializes in organometallic re- 
actions. The mentor found a lithium 
reaction to give him in the April 1960 
Analytical Chemistry on page 554. The 
summer man reacted lithium wire with 
bromobenzene to produce phenyl- 
lithium. He used this to replace one of 


the central hydrogens in ¢ () 
\c% 


by lithium. H’ ™H 


fluorene 


Next, | || 
\c% 
COOLi 
On acidification, an H replaced the Li. 


He then esterified with methanol, with 
HCl as catalyst. His product, 


COOCH; 


was good enough to overcome the 
skepticism of our genial but skeptical 
chief control chemist. 

Nobody patted him on the head for 
his accomplishment. All he accom- 
plished was to make it unnecessary for 
other chemists who look up the Anal. 
Chem. reference to spend a week of 
their own time preparing the reagent 
that has been found to react with a 
wide variety of alkyl halides to yield 
' sharp-melting derivatives. Since such 
reagents are few and far between, you 
may even wish to send for a procedural 
abstract. Or for an employment ap- 
plication form. 

Or for Catalog No. 42, listing some 3800 
Eastman Organic Chemicals we stock at 
Distillation Products Industries, Roch- 
ester 3, N. Y. (Division of Eastman Kodak 
Company). 


This is another advertisement where Eastman Kodak Company probes at random for mutual interests 
and occasionally a little revenue from those whose work has something to do with science 


The student who took advice 


So much buy, buy, buy on all sides! 
Many a scientific man says the clamor 
is too overwhelming. Perhaps it is un- 
wise to irk him further by suggesting 
that his own kind bears no small part 
of the credit for having caused the din 
to be set up. 

In the early 1900s Sir William Ram- 
say, the physical chemist who discov- 
ered the noble gases, strongly advised 
a student of his named Mees to get a 
job in industry instead of following the 
traditional scientist’s livelihood of 
teaching. The young fellow therefore 
went to work for Wratten & Wain- 
wright, a small firm that made pho- 
tographic plates. Actually, until not so 
long before, Mrs. Wratten, the senior 
partner’s wife, had been making them 
in her kitchen, quite successfully flow- 
ing the emulsion from a _ teakettle 
onto glass. That was technology. 

But young Mees brought science 
into the operation. The union of 
science and industry was blessed with 
new products for Wratten & Wain- 
wright. They attracted the attention of 
Mr. Eastman, of Kodak, who decided 
it would be good for Ais business, too, 
to apply some science to it. Instead of 
emulating Wratten & Wainwright, he 
bought their business and brought 
Mees to Rochester, N. Y., U.S.A., as 
Kodak’s research director. This hap- 
pened in 1912. 

After 43 years in the job, Mees re- 
tired and wrote a book about his ex- 
periences in nurturing the chemistry 
and physics of one industry to churn 
out the stuff that has to be bought, 
bought, bought. His long, happy, and 
fruitful life ended last year. This month 
the book will be coming out under the 
title “From Dry Plates to Ektachrome 
Film” (Ziff-Davis Publishing Co., New 
York, $5.95 at many camera shops). 
It is recommended to those who want a 
very grown-up viewpoint on photog- 
raphy and its technology. It may also 
prove instructive to scientists in general 


who have made or are contemplating a 


switch from the world of scholarship 
to the world of commerce. 

Like the other great founding fathers 
of industrial scientific research, Mees 
never needed advance warning to de- 
liver an hour’s lecture on almost any 
subject, accurately and wittily. Read- 
ers with fairly broad scientific educa- 
tions will get the most out of his book. 
By going into considerable technical 
detail about the origins of products of 


_ ours, the book may even find new 


customers for them. Of necessity, the 
details are old enough to be told. 


For insoluble little pots 


If you want to make a useful and in- 
soluble little pot for putting things in 
that are to be poked with infrared or 
microwave radiation, you must in- 
vestigate Kodak Irtran material or face 
charges of that heinous sin, ignoring 
the “state of the art.” 


% TRANSMITTANCE 


J 
WAVELENGTH (.) 


Kodak Irtran merchandise: an Irtran-1 dome 
and an f/1.0 Irtran-2 molded asphere 


There are now two kinds of /rtran 
optical material, neither of them in- 
tended for wavelengths that your old 
dictionary would call “optical.” 

The newer, /rtran-2, has as its point 
of pride the transmittance curve dis- 
played above, combined with a re- 
markable mechanical and chemical 
ruggedness. Its refractive index is 
around 2.2. Note the tremendous 
wavelength span over which transmit- 
tance losses are nearly all due to re- 
flection. Heating to 600°C in air does 
nothing more than improve the trans- 
mittance—by formation of an anti- 
reflection coating. We can apply a 
much better coating, though, by 
evaporation. 

Irtran-1* material, the other one, 
needs no anti-reflection coating be- 
cause its refractive index is only 1.38 
at Iu. Its big glory, aside from high 
infrared transmittance at 2 to 7u even 
when very hot, stems from a 9.4 kmc 
dielectric constant of 5 and a loss tan- 
gent of 10%. 

Currently we can supply either of these 
polycrystalline Irtran materials as optical 
elements up to 6,” in diameter, among 
other forms. Let us have no jurisdictional 
disputes among optickers, microwavers, 
and infraredders as to who sends for the 
supporting data from Eastman Kodak 
Company, Special Products Division, Roch- 
ester 4, N. Y. 


*Formerly designated “Irtran AB-1.” 
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what 


spectroquality? 


The name Spectroquality was originated by 
MC&B to identify a group of specially pre- 
pared solvents of higher purity than the 
solvents generally available for spectrophoto- 
metric use. Typical differences between 
MC&B Spectroquality Solvents and other 
spectrophotometric solvents are illustrated 
in the tracings. 


The preparation of MC&B Spectroquality 
Solvents requires a knowledge of spectro- 
photometry and a background of synthesizing 
and purifying organic chemicals. An example 
of this concerns an addition to our Spectro- 
quality line, Heptane, SG5234 (see above). 


We had several requests from different 
quarters for a Spectroquality Heptane. We 
were aware that this material was a good 
non-polar solvent, and theoretically, if pure, 
should not absorb in the ultra-violet and in 
addition should provide several large win- 
dows in the infra-red region. On checking the 
commercial product we noted spurious charac- 
teristics in the U.V. with a cut-off at 240 mu, 
and we sought to correct this by fractiona- 
tion. Our success was limited. However, a 
combined chemical treatment to remove ole- 
fins followed by fractionation produced a 
product with a cut-off below 210 mu. The 
infra-red tracing was as it should be, and our 
theory seemed to be well founded. 


Spectroquality Solvents are listed in the 
current MC&B Catalog. Write for your copy. 
Write for Free Booklet 


“SPECTROPHOTOMETRY 
AND THE CHEMIST” 
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These typical curves were run on a Beckman DK-2. The MC&B sample was 
selected at random from our stock. We purchased samples ‘‘A”’, ‘‘B’”’ and ‘'C” 
on the open market. All were designated as suitable for spectrophotometric use. 


Matheson Coleman & Bell 
Division of The Matheson Company 
Norwood (Cincinnati), Ohio; East Rutherford, New Jersey 
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WONDER 
ELECTRIC MORTAR 


END MIXING—GRINDING DRUDGERY 


Using Plastic, Metal or Agate Vials the Wig-L-Bug will be- 
come indispensable to you as it has already in hundreds of lab- 
oratories in this country and dozens of countries abroad. Use 
plastic vials for mixing powders or preparing mulls with 
mineral oil. For grinding hard materials use the hardened tool 


For preparing KBr pellets use stainless steel or agate vials. 
Invaluable in the fields of X-Ray Diffraction, Emission Spectro- 
graphic Analysis, X-Ray Spectroscopy, Infra-Red Spectros- 
copy, Metallurgy, Geology, Oil Research, Aluminum Manu- 
facture, Chemical, Paint and Color Analysis, Ceramics, Foods, 


ple was 


nd 
tric use. 


steel or agate vial. 
terials in 2-3 minutes. 


With these you can obtain 200 mesh ma- 


Agriculture. 


HEAVY DUTY +6—FOR YOUR MIXING 
AND GRINDING PROBLEMS 


in the Field of Powder Metallurgy 
—Ceramics—X-Ray Spectroscopy— 
X-Ray Diffraction—Emission Spec- 
_ enemy and Analytical Chemistry. 


2 HIGH SPEED MIXER GRINDER, same ne agitating ac a. as 
| illustrated. For pulverizing, grind- 
ing. mixing, diluting laborato 
ckly, consistently and uniformly. In optical emis- 
ion and X-ray spectrographic laboratories this in- 
strument is ideal for mixing and grinding both samples 
and standards. Not only is the effort of Mortar & 
Pestle labor eliminated but results are made more re- 
a a as consistency in particle size is attained 


en H P “Split Phase Motor complete with 1 hr. timer 
and special adapters and arms to hold om Carbide 
or Stainless = Capsules & Pestles. pproximate 
weight 40 Lbs. Price $300.00 (No jo ncluded). 
Fin type bearing ae for longer running inter- 
vals available at $15.00 additional. FOB factory. 
ACCESSORIES FOR NO. 6 include Plastic Balls & Vials 
1) to eliminate metallic 

tainless Steel as 6 ml or 10 ml and Rod Pestles or 
Ball Pestles. —- ~ A, Carbide 6 ml and 25 ml Vials 
and Rod or Ball Pe 


5A—Wonder Electric Mortar—the action 
reciprocating in the form of a figure 
swung through a 6 46° arc at 3200 RPM, 
the ball pestle then strikes the end of 
the vial some 2000 times in ten seconds. 
Can be run continuously for 5 minutes 
(and this depends on the load) with a 
Test period between the 5 minutes to 
cool the motor completely. 


or 


For literature and 


details write to: 


ACCESSORIES FOR 5A 
OR 3A WIG-L-BUGS 


op Adapter, for 44” dia. x 1” long 
ag Vial, 4%” x 1” polystyrene with 


3113 Ball-pestle, clear plexiglas, 4” 
a. 

3115 Adapter for 4%” dia. x 2” long 
vials. 
3116 Vial, 4%” x 2” polystyrene with 
cap. 

nek Adapter for 44” dia. x 1” long 


vials. 

3114 Vial, stainless steel 4” x 1” 
with ball-pestle 4” dia. 

3117 Vial, tool steel (hardened) 44” 
x 1” with steel ball- pestle 4” dia. 
3118 Vial, agate °/1e” dia. x 15/1” 
long 2 ml capacity with agate ball- 
pestle \%” dia. (Requires 3115 
adapter). 


3A—Model with Fan and 1 hour timer—same 
type of motor and action as 5A Model 
but ‘this 3A can be run for 20-30 minutes 
with cooling off periods between to cool 
the motor. 


THE WIG-L-BUG HAS REV- 
OLUTIONIZED MIXING & 
GRINDING PROCEDURES- 
A TREMENDOUS TIME 
SAVER, CONSISTENTLY 
UNIFORM RESULTS. AN 
INDISPENSABLE LABO- 
RATORY MORTAR MIXER 


CRESCENT DENTAL MANUFACTURING CO. 


1837 So. Pulaski Road » 


Chicago 23, Ill. 
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The complete line 
of Duo-Seal Vac- 
uum Pumps is 
shown here. De- | 
scriptions 


Manufacturers of Scientific 


QUIET - VIBRATIONLESS - ALL-PURPOSE 


WELCH DUO-SEAL VACUUM PUMPS 


Advanced Design * Remarkably Quiet © Long-Life Performance 


Whether it’s in the laboratory, on a busy production 
line, in a classroom, reduced noise level means greater 
efficiency, higher quality work. Duo-Seal Vacuum 
Pumps are quiet. Welch engineers took noise and 
vibration out of the vacuum pump right on the drawing 
board. The result is a pump that runs as quietly as 
an electric motor. 


Quiet operation means greater efficiency 


Quiet, vibrationless operation means pumps that run 
smoothly year after year with virtually no maintenance 
beyond a periodic oil change. Duo-Seal pumps, built 
to close tolerances, actually improve with use, the seal 
-and vanes become more highly polished and the fit 
more perfect. 


There is a Duo-Seal pump available for almost every 
purpose, for every budget, from noncritical classroom 
problems to most exacting high-vacuum industrial- 
production and laboratory vacuum requirements. 


Welch Pumps are best because: Every pump is triple 
tested. Specified performance guaranteed. Lowest 
cost per year of use. Highest vacuum of any mechan- 
ical pump. Quietest mechanical pump made. 


For complete specifications, request our pump catalog. 


For every vacuum requirement 


1. No. 1405 (2 speeds available) two-stage, No. 1504H. 
0.05 micron, 33.4 liters per minute. $230.00. No. 
1405B. 0.1 micron, 58 liters per minute. $225.00. 
2. 1400B—two-stage. 0.1 micron, 21 liters per minute. 
$133.00 

3. 1402B—two-stage, vented exhaust, 0.1 micron, 140 
liters per minute. $310.00 

4. 1397B—two-stage, vented exhaust, 0.1 micron, 425 
liters per minute. $645.00 

5. 1392—-mechanical and diffusion pump assembly, 
two-stage (each element) 0.001 micron, 600 liters per 
minute. (at 0.1 micron) $300.00 

6. 1403B—single-stage, 5 microns, 100 liters per 
minute. $245.00 

7. 1404H—Wegner Pump single-stage, 20 microns, 
33.4 liters per minute. $150.00 

8. 1406H—single-stage, 5 microns, 33.4 liters per 
minute. $150.00 

9. 1410B—Wegner Pump single-stage, 20 microns, 21 
liters per minute. $100.00 


THE WELCH SCIENTIFIC COMPANY 


ESTASLISHED 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
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EDITORIALLY SPEAKING 


To the Editor: 


As a college teacher, I am sometimes a bit puzzled 
about what to teach. For example, 


“The diameter of an electron, approximately 22 « 107" inch, 
is about three times the diameter of a proton.’”’ 7'M11-690, 
U.S. Army, p. 16. 

According to the familiar Hubbard-Meggers: Periodic Chart 
electrons and protons have identical diameters, 2.8 K 10~!% cm. 

Physical Chemistry, by A. J. Rutgers, p. 25, lists “Radius of 
proton (cale.), 107!’ em.; radius of electron, (cale.), 10-13 em. 

S. Glasstone’s Sourcebook, p. 40, says: “J. J. Thomson in 1881 
had derived an equation, from theoretical principles, relating the 
electromagnetic mass m of a spherical charged particle of radius r 
to its charge e expressed in emu .. . thus, r = 2e?/3m ... in so 
far as an electron can be regarded as having a definite radius . . ., 
it is probably safe to say that it is about 2 X 107!3 em.’’ 

Since the proton has about 1837 times the mass of 
the electron, Thomson’s formula predicts that the pro- 
ton radius is only 1/1837 that of the electron, in rough 
agreement with Rutger’s figures. 

In the interest of conservation of student time it 
would be nice to establish whether this question falls in 
the class of -“What color would an elephant’s egg be if 
an elephant laid eggs?” Is an experimental answer 
possible? 


From the Editor: 
(After consultation with Prof. R. J. Stephenson of the College of 
Wooster Physics Department) 

There is no such thing as an accurate radius for an 
electron or a proton, or for that matter even an atom or 
molecule. One can give an order of magnitude where 
the influence of the particle has fallen off to a negligible 
amount. In these terms there certainly is no direct 
experiment to give the radius of an electron. 

I feel it is very important that students who are 
going to be scientists think in terms of mid-twentieth 
century scientific approaches. One of the most 
significant of these is the idea that there are certain 
types of measurements denied us by our whole con- 
sistent physical theory. The uncertainty principle is 
one of the most profound of these. In applying it to 
this particular case we might say that just as soon as we 
are sure about the size of the electron we would find 
that it would float away on its own wave. 


To the Editor: 


My attention has been directed to the work of Hof- 
stadter who measured the proton and the neutron from 
scattering experiments. The “rms’’ radii given are 
0.75 + 0.05 X 10-'* em for the proton and 0.80+ 
0.10 X 10-'* em for the neutron. Note that these are 
larger by a factor of 10 than the radius predicted for 


the proton by the Thomson formula, which therefore 
cannot be used with confidence for the electron. 

The difficulty in stating the size of an electron 
seems closely akin to that of stating the size of a 
mountain: it is hard to say just where either begins. 
Nevertheless, a definite and meaningful description 
can be given to the mountain with the aid of a few 
arbitrary definitions, and I believe it can also be done 
for the electron. Are the limitations of the uncer- 
tainty principle applicable? 


From the Editor to Dr. Samuel Glasstone: Help! 


From Dr. Samuel Glasstone: 

I like to compare the situation to a blind man 
trying to find the size of a piece of putty—it all de- 
pends upon how much pressure he exerts. In Hof- 
stadter’s work on scattering, the dimensions of the 
proton and neutron represent distances at which the 
forces between colliding particles become great enough 
for scattering to occur. Another experimental tech- 
nique might give different results. With these limi- 
tations in mind, Hofstadter’s values are acceptable, 
remembering that in connection with these particles 
“size”? means a distance at which repulsive forces reach 
a certain, more or less arbitrary, magnitude—not 
something that can be measured with a ruler. 

Because of the uncertainty principle, which certainly 
does apply to electrons or there would be no electron 
microscope, and the related wave-particle duality of 
matter, there can be no such thing as true size. Other- 
wise how could one explain the cross section of 3.5 
xX 10-' cm? for the capture of neutrons by Xe'*? 
Neither particle has a radius of much more than 10~'” 
em, yet they behave as if they had average dimensions 
of 10-° em. 

The “size’’ of the electron has not been determined, 
as far as I am.aware, by any direct experiments. The 
Thomson calculation is based on the classical electro- 
magnetic mass equation. This postulates that the 
so-called mass of an electron is entirely electromagnetic 
in origin. However, there is absolutely no justification 
for applying this equation to calculate the mass of a 
proton. And what about a neutron which has no 
charge and should have no mass if it were electromag- 
netic in origin? 

Whether the electron is “larger” than a proton is 
something I wouldn’t care (or dare) to comment upon. 
I just don’t known what “larger’’ means. 

I agree with you 100 per cent. J hope we can all 
help students to think “in terms of the mid-twentieth 
century scientific approaches.” 
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Roy G. Neville’ 
Sunnyvale, California 


The year 1961 marks the three hun- 
deedth anniversary of the publication of ‘“The Sceptical 
Chymist,’’? one of Robert Boyle’s greatest works and 
the one from which he derives much of his fame. 
The biographical details of Boyle (1627-1691) are too 
well known to require repetition,*? and his numerous 
publications have been fully described bibliographically 
by Fulton.‘ 

Although “The Sceptical Chymist”’ is a landmark in 
the development of scientific thought, few present day 
chemists can do more than merely name the title of 
this masterpiece and still fewer have more than the 
haziest notions of its contents and importance. Boyle 
has often been styled “the father of chemistry,” and 
this appellation is to a large extent derived from his 
having written “The Sceptical Chymist.”’ Indeed, 
many historians justifiably consider that the science of 
chemistry, in the modern sense, commenced with the 
appearance of this book. It is the purpose of this 
article to pay tribute to Boyle and his book, to show 
in what manner “The Sceptical Chymist”’ is monu- 
mental, how it was conceptually ahead of its time, and 
how it changed the current of chemical thought from 
the pursuit of alchemy and iatrochemistry to the 
beginnings of true chemistry.® 


Chemistry Before Sceptical Chymist”’ 


In order to appreciate the historical significance of 
Boyle’s work, let us briefly review the state of chemistry 
immediately prior to 1661. It is important to remember 
that chemistry did not immediately change, or cast off 
its old theories, as the result of Boyle’s work; the 
reasons for this are not hard to find. Chemistry to the 
time of Boyle, and throughout much of his lifetime, 
was almost devoid of what would nowadays be termed 


—The cover 


We hope no readers will be offended by what may appear to be 
misplaced whimsy on the cover this month. We certainly intend 
in no way to diminish the tribute to a great intellect that the 
recognition of a tercentenary should mean. Rather we hope to 
catch the eye and consequently the interest of the student and 
casual historian of science alike. Our earnest hope is that Dr. 
Neville’s article will be read carefully by all who see this issue. 
None can fail to be impressed by how contemporary Boyle’s 
views appear and consequently how far ahead of his time this 
great man was. 

We acknowledge with thanks the cooperation of Professor 
Aaron Ihde who obtained the photograph of the frontispiece of a 
first edition copy of The Sceptical Chymist, the property of the 
University of Wisconsin. The sceptical chemists peering through 
the 1961 impedimenta of the profession appear through the cour- 
tesy of Mr. Henry Avery, Executive Vice President of the Pitts- 
burgh Chemical Company. The photograph originally appeared 
as part of an advertisement in Chemical and Engineering News. 
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“The Sceptical Chymist,” 1661 


A tercentenary tribute 


scientific theory. Its aims in the seventeenth century 
can perhaps be most readily understood by considering 
the three types of chemical practitioner of that period: 
alchemists, iatrochemists, and chemical technologists.® 
Many alchemists were dedicated and quite competent 
scientists, while others were outright charlatans. All 
engaged in the fruitless pursuit of the ‘“‘philosopher’s 
stone,”’ a mysterious substance, variously described, a 
minute quantity of which was believed capable of 
transmuting large amounts of base metals (e.g., lead, 
mercury, silver) into gold.’ Frequently of a _pro- 
foundly mystical turn of mind, the alchemists placed 
great store in astrology and ascribed occult qualities to 


- matter. 


The iatrochemists, followers of Paracelsus (1493- 
1541), were not concerned with making gold. Their 
main objective was to manufacture chemical medicines 
or supplying physicians and apothecaries’ shops. 


1 For reprints: 1486 Revelstoke Way, Sunnyvale, California. 

2 The first edition of 1661 is of the greatest rarity, only about 
a dozen copies being known. Quotations in this article are from 
a copy of the extremely rare second edition of 1680 in the 
possession of the author. The second edition is essentially a 
reprint of the 1661 edition, although there is some additional 
material which a casual examination does not reveal. The book 
is reprinted in “The Works of the Honourable Robert Boyle,” 
edited by THomas Bircu, London 1744; 2nd. ed., 1772; and in 
an Everyman edition, London, 1911; New York, 1937. 
Abridged versions are found in Richard Boulton’s ‘“The Works 
of the Honourable Robert Boyle, Esq; Epitomiz’d,” London, 
1699-1700; and in Peter Shaw’s ‘‘The Philosophical Works of the 
Honourable Robert Boyle, Esq,’’ London, 1725; 2nd. ed., 1738. 

3 See, for example, Brrcu, Tuomas, “The Life of the Honour- 
able Robert Boyle,’’ London, 1744; Mors, L. T., “The Life 
and Works of the Honourable Robert Boyle,’”’ London, 1944. 

4Fuxton, J. F., “A Bibliography of the Honourable Robert 
Boyle,’’ Oxford Bibliographical Soc. Proc. Papers, 3 (Pt. 1): 
1-172 (1932); Addenda, ibid., 3 (Pt. 3): 339 (1933); Second 
Addenda, ibid., n.s., 1: 33 (1947). 

5 The seventeenth century background to Boyle’s chemical 
work is discussed in many books and articles. Recommended 
are: VON Meyer, E., “A History of Chemistry,’’ London, 1906; 
Srittman, J. M., “The Story of Early Chemistry,’’ New York, 
1924; Partineton, J. R., “A Short History of Chemistry,” 
London, 1937; Boas, M., “Robert Boyle and Seventeenth 
Century Chemistry,’’ Cambridge, 1958; Inpx, A. J., J. 
Epuc., 33, 548 (1956). 

6 Excellent reviews on alchemy, iatrochemistry, and old 
theories of the elements occur in: Houmyarp, E. J., “Makers of 
Chemistry,’’ Oxford, 1931; Reap, Jonn, “Prelude to Chem- 
istry,’ London, 1936, and “Humour and Humanism in Chem- 
istry,” London, 1947; and Taytor, F. S., “The Alchemists,” 
London, 1951. 

7 As late as 1667 a seemingly convincing account of a trans- 
mutation of lead into gold was published at Amsterdam by 
JoHANN Friepricu HEtvetius. Translated into English, the 
book appeared with the title ‘“The Golden Calf, Which the World 
Adores, and Desires,”’ London, 1670. 
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Like the alchemists, iatrochemists were practical men 
who did not search deeply for theoretical explanations of 
chemical processes. To them chemistry was an 
empirical art and was regarded solely as an adjunct to 
medicine. 

The smelters, assayers, glass-workers, dyers, soap- 
boilers, and the like, were the chemical technologists of 
the time. Sometimes illiterate, they were strictly 
practical men to whom chemical theory meant little 
or nothing, and their knowledge was frequently handed 
down from master to apprentice. 

Serving these three categories of chemical worker 
was a large corpus of literature. Most books stressed 
the practical aspects of chemistry® and, on the rare 
occasions when theory was mentioned, chemical 


reactions were “explained” in terms of the old Aristo- 
telian “four element’”’ (air, earth, fire, water) theory, and 
Paracelsian ‘three principle’ (salt, sulfur, mercury) 
theory. Despite the paucity of sound theory, a very 
large amount of valid chemical information had been 
amassed by Boyle’s time, and chemical technology was 
surprisingly advanced. Such then, very briefly, was 
the state of chemistry when Boyle turned his attention 
to chemical matters. 


Boyle and “The Sceptical Chymist”’ 


It was during the Cromwellian period that Boyle 
set up a laboratory in England, hired assistants (among 
them the illustrious Robert Hooke), and carried out 
numerous experiments in a purely scientific manner. 
His successes and failures were carefully noted, ac- 


’ cording to the precepts laid down in the great ““Novum 


Organum’’ of Francis Bacon, which had appeared in 
1620. Classic and extensive studies were made on the 
physical and chemical properties of air, which resulted 


8 Among the better known practical chemical books of the 
period in which Boyle was conducting experiments prior to 
compiling his ‘“Sceptical Chymist’”? may be mentioned Beguin’s 
“Tyrocinium Chymicum,’”’ 1610, and numerous later editions; 
Croll’s “Basilica Chymica,’”’ 1609, and later editions; French’s 
“The Art of Distillation,’ 1651; and Glauber’s ‘A Description 
of New Philosophical Furnaces,’’ 1651. Boyle’s library contained 
over 3000 volumes, so it is reasonably certain that books such as 
these were in his possession, for he makes frequent reference to 
the above authors. 


in the announcement of the famous Boyle’s Law in 
1662. Despite his achievements in experimental 
physics, Boyle always regarded himself as a chemist 
and it was chemistry that was dearest to his heart. 
He studied minutely the writings of the Aristotelian 
and Paracelsian chemists, verified or tried to verify 
earlier chemical observations, and attempted to 
interpret his results using current theories. The more 
Boyle examined chemical phenomena the more con- 
vinced he became that the Aristotelian and Paracelsian 
doctrines were totally inadequate to give a rational 
explanation of experimental observations. 

After more than ten years of careful chemical 
experimentation he compiled his immortal book 
“The Sceptical Chymist.’’ Its title was peculiarly 
appropriate in that it exactly expressed Boyle’s posi- 
tion—that of a sceptic, not an iconoclast. Using his 
own carefully documented experiments as examples he 
focused attention upon the concept of the terms “ele- 
ment” and “‘principle’”’ as employed by the Aristotelians 
and Paracelsians. By the cold logic of his arguments, 
his genius in distinguishing truth from falsehood, and 
his perspicuous style, he dealt the death blow to the 
muddled thinking characteristic of his chemical 
contemporaries. To be sure, alchemical ideas lingered 
on after Boyle’s death but in a greatly attenuated 
form, only to die out at the end of the eighteenth 
century. “The Sceptical Chymist”’ and Boyle’s other 
chemical works turned the tide of chemical thought, 
and made way for the birth of modern chemistry. 

Appearing in August, 1661, ‘“The Sceptical Chymist”’ 
is written in the form of a platonic dialogue, the 
conversation taking place between four scientific 
gentlemen who meet in a shady arbor on a beautiful 
summer day. The participants are Carneades (who 
expresses Boyle’s own views), a protagonist of the 
atomic constitution of matter who quotes as his 
authority a certain “Mr. Boyle’; Themistius, an 
Aristotelian; Philoponus, a Paracelsian; and Eleu- 
therius, an unbiased moderator of the discussion. 

In the preface Boyle states that in order to explain 
chemical changes the ultimate parts of matter, the 
atoms, must be considered; and chemistry must be 
studied scientifically: 


For I observe that of late chymistry begins, as indeed it 
deserves, to be cultivated by learned men who before despised it; 
and to be pretended to by many who never cultivated it, that 
they may be thought not to be ignorant of it. Whence it 
comes to pass, that divers chymical notions about matters 
philosophical are taken for granted and employed, and so adopted 
by very eminent writers both naturalists and physicians. Now 
this I fear may prove somewhat prejudicial to the advancement 
of solid philosophy: ...and for ought I can discern, there are a 
thousand accidents relating to the human body, which will 
scarcely be clearly and satisfactorily made out by them that 
confine themselves to deduce things from salt, sulphur and 
mercury, and the other notions peculiar to chymists, without 
taking much more notice than they are wont to do, of the motions 
and figures, of the small parts of matter . . . 


Despite the prolixity of his presentation, at the out- 
set Boyle indicates the inadequacy of theories then 
current, and the uncritical acceptance of them by his 
learned contemporaries. 

As the discourse itself opens Carneades establishes 
himself as a sceptic in the following words: 


Notwithstanding the subtile reasonings I have met with in the 


Volume 38, Number 3, March 1961 / 107 


| 
— 
n 
e 
A 
n 
'y 


books of the Peripateticks, and the pretty experiments that have 
been shewed me in the laboratories of chymists, I am of so 
diffident, or dull a nature, as to think that if neither of them can 
bring more cogent arguments to evince the truth of their assertion 
than are wont to be brought; a man may rationally enough 
retain some doubts concerning the very number of those material 
ingredients of mixt bodies, which some would have us call ele- 
ments, and others principles. 


Eleutherius asks that the terms “element” and “prin- 
ciple’ be defined, and Carneades obliges as follows: 


Elements and principles...are terms equivalent... and 
are those primitive and simple bodies of which the mixt ones 
are said to be composed, and into which they are ultimately 
resolved.° 


Although this is fairly clear, Boyle later on in the book 
(on p. 354) gives a more precise definition. 

Themistius next presents his viewpoint. He eu- 
logizes the ancient “four element”’ theory which, he 
believes, has only to be understood to be accepted: 


I should almost as little doubt of making you (Carneades) 
a proselyte to those unsevered teachers, Truth and Aristotle, as I 
do of your candour and judgement. 


After praising Aristotle as the greatest master that 
ever lived, Themistius attempts to add strength to his 
argument by describing an experiment in which wood 
is destructively distilled, asserting that by this means 
matter can be resolved into its four elements: 


If vou but consider a piece of green wood burning in a chimney, 
you will readily discern in the disbanded parts of it the four 
elements... The fire discovers itself in the flame by its own 
light; the smoake by ascending to the top of the chimney, and 
there vanishing into air...sufficiently manifests to what 
element it belongs... The water in its own form boyling and 
hissing at the ends of the burning wood betrayes itself. . ., 
and the ashes by their weight, their fieriness, and their dryness, 
put it past doubt that they belong to the element of earth. 


Having delivered himself of this seemingly incon- 
trovertible evidence in favor of the Aristotelian four 
elements, Themistius condescendingly refers to the 
Paracelsian three principles, originated by: 


Paracelsus and some few other sooty empiricks...(who)... 
having their eyes darkened, and their brains troubled with the 
smoak of their own furnaces, began to rail at the Peripatetick 
Doctrine, which they were too illiterate to understand, and to 
tell the credulous world, that they could see but three ingredients 
in mixt bodies; which to gain themselves the repute of inventors, 
they endeavoured to disguise by calling them instead of Earth, 
and Fire, and Vapour, Salt, Sulphur, and Mercury; to which 
they gave the canting title of Hypostatical Principles. 


After a few further comments Themistius finishes his 
discourse, feeling satisfied that he has made out a good 
case for the four element theory. Carneades quickly 
shatters the composure of Themistius by saying: 


I hoped for a demonstration, but I perceive Themistius hopes 
to put me off with an harangue, wherein he cannot have given me 
a greater opinion of his parts, than he has given me distrust for 
his hypothesis. 


He then questions the logic used by Themistius in 
deducing that four elements come from burning 
wood: 


...it seems to me to be obnoxious to not a few considerable 
exceptions ...(for)...it would appear rather that those he 


®“Mixt body,” compound. ‘Peripatetick,” i.e., Aristo- 
telian. 
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calls elements, are made of those he calls mixt bodies, than mixt 
bodies of the elements. 


Carneades shows that fire is not a means of resolving 
mixed bodies into their elements, as was commonly 
supposed in Boyle’s time. He cites the example of 
gold which, no matter how subjected to fire, remains 
unchanged; thus proving that some substances may be 
made of less than four elements: 


... there are divers bodies out of which Themistius will not 
prove in haste, that there can be so many elements as four 
extracted by the fire. And I should perchance trouble him if I 
should ask him what Peripatetick can shew us...any one of 
them extracted out of gold by any degree of fire whatsoever. 


Silver, tale, and other substances are given as examples 
to illustrate Carneades’ point. Adding strength to his 
argument Carneades then states that many substances 
can be resolved into more than four elements by fire: 


...as the blood (and divers other parts) of men and other 
animals, which yield when analyzed five distinct substances 
Phlegme, Spirit, Oyle, Salt and Earth, as experience has shewn 
us in distilling mans blood, harts-horns, and divers other bodies 


The fallacies of Themistius’ argument having been 
exposed, Carneades turns to Eleutherius and lays 
down certain propositions the validity of which he 
examines. These propositions reveal Boyle’s concepts 
of the structure of matter. The first states that: 


It seems not absurd to conceive that at the first production of 
mixt bodies, the universal matter whereof they among other 
parts of the universe consisted, was actually divided into little 
particles of several sizes and shapes variously moved. 


Here we have an explicit statement by Boyle of his 
belief in a primordial matter consisting of atoms in 
constant motion, in short, a primitive kinetic theory: 


Atomes, moving themselves to and fro by an internal principle 
in the immense or rather infinite vacuum. 


In Carneades’ second proposition we see Boyle’s notion 
of what we nowadays term molecules, ions, and rad- 
icals; although this is perhaps reading a little too much 
into his meaning. Nevertheless, the following is 
certainly thought provoking: 


... of these minute particles divers of the smallest and neigh- 
bouring ones were here and there associated into minute masses 
or clusters, and did by their coalitions constitute great store of 
such little primary concretions or masses as were not easily 
dissipable into such particles as composed them.” 


In support of his hypothesis Carneades (Boyle) cites 
his experiments with gold, which may be dissolved in 
aqua regia, the salt (gold combined with acid particles) 
crystallized, and the gold again recovered. He argues 
that despite the changes undergone by gold (and other 
metals) when formed into salts, the atoms of gold 
are merely separated, but retain their identity as gold: 


Many other wayes may gold be disguised, and help to constitute 
bodies of very differing natures both from it and from one 
another, and nevertheless be afterwards reduced to the self-same 
numerical, yellow, fixt, ponderous and maleable gold it was 
before its commixture. 


In arguments equally cogent, Carneades demolishes 
the three principle theory of the Paracelsian school, as 
expounded by Philoponus; especially censuring the 
vague and obscure manner in which they write: 
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I have, in the reading of Paracelsus, and other chymical 
authors, been troubled to find that such hard words and equivocal 
expressions, as you justly complain of, do, even when they treat 
of principles, seem to be studiously affected by those writers; 
whether to make themselves to be admired by their readers, and 
their art appear more venerable and mysterious, or (as they 
would have us think) to conceal from them a knowledge them- 
selves judge inestimable. 


Having exposed the fallacies and shortcomings of the 
prevailing concept of “element”? or “principle,” by 
adducing many other experiments in favor of the 
atomic theory, Carneades later in “The Sceptical 
Chymist” (p. 354) gives his definition of an element in 
language so clear that, in essence, it is valid today: 


And, to prevent mistakes, I must advertize you, that I now 
mean by Elements, as those chymists that speak plainest do by 
their principles, certain primitive and simple, or perfectly 
unmingled bodies; which not being made of any other bodies, or 
of one another, are the ingredients of which all those called 
perfectly mixt bodies are immediately compounded, and into 
which they are ultimately resolved. 


Unfortunately, despite the validity of the definition, 
chemistry in Boyle’s time had not arrived at that state 
of development whereby it was possible unequivocally 
to say which substances were elements and which were 
not. Indeed, such was the undeveloped condition of 
chemistry that it was not possible to point to any 
single substance, elementary or compound, and state 
with certainty that it was chemically pure. There- 
fore, Boyle wisely remained silent and another century 
was to pass before chemistry had developed to the 
point at which it was possible for the great French 
chemist Lavoisier to compile the first list of substances 
which could, with reasonable certainty, be regarded as 
elementary. !°!! 

The remainder of ‘The Sceptical Chymist”’ consists 
of further arguments, based upon experimental ob- 
servations, in which Boyle demolishes the ‘four 
element” and ‘three principle’”’ theories. As opposed 
to other chemical books of the seventeenth and early 
eighteenth centuries, Boyle’s ““Chymist”’ has a decidedly 
modern ring. On almost every page he proves himself 
a forerunner of the true modern chemist, never admit- 
ting as valid any chemical theory not adequately 
supported by experimental observations. Now, three 
hundred years later, we can properly evaluate the 
genius and foresight of Boyle, which his contemporaries 
largely missed. 


1 Boyle was unwilling to accept any substance as being 
elementary, except what he termed a prima materia. See 
Kuan, T. S., /sis, 43, 12 (1952). He offered to defray the cost. 
of any experiment which would show that gold could be de- 
composed into salt, sulphur, and mercury. See Wo tr, A., 
“A History of Science, Technology, and Philosophy in the 16th 
and 17th Centuries,” London, 1950, p. 338. 

11 The first list of substances regarded as being elementary 
appeared as a “Tableau des Substances Simples,”’ on p. 192 of 
A. L. Lavorster’s immortal “Traité Elémentaire de Chimie,” 
Paris, 1789. 

12 Among Boyle’s early converts may be mentioned Henry 
Power (1623-1668), physician, naturalist, and Fellow of the 
newly founded (1660) Royal Society. He published an im- 
portant book in defense of the atomic theory entitled: ‘Experi- 
mental Philosophy: Containing New Experiments, Micro- 
scopical, Mercurial, and Magnetical, with some Deductions and 
Probable Hypotheses, raised from them, in Avouchment and 
Illustration of the now famous Atomical Hypothesis,’ London, 
1664. 
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Conclusion 


“The Sceptical Chymist”’ is far too long a book to be 
adequately described in a short article. Its importance 
and main points may be summarized: 

Boyle first questions the widely held theories of the 
“four elements” and “three principles.’”’ In a series of 
brilliantly chosen experiments he demonstrates con- 
clusively that these theories are fallacious, misleading, 
and totally inadequate. He shows that chemical 
reactions are best understood by postulating that 
matter consists of atoms and clusters of atoms, in 
constant motion. Reactions occur, and new com- 
pounds are formed, by atoms of lesser affinity being 
displaced by atoms of greater affinity. Double 
decomposition reactions are thus correctly explained. 

Boyle gives the first really modern definition of a 
chemical element. Unfortunately, due to the primitive 
state of chemistry in his time, it was impossible to say 
which substances might be regarded as elementary, so 
Boyle remained silent, believing only in a hypothetical 
prima materia. He believed that many new elements 
would be discovered as chemistry developed. 

He showed conclusively that fire was not a suitable 
agent for resolving substances into their constituent 
elements, as was widely believed. 

Boyle was the first person to raise chemistry to the 
dignity of a science. He stressed that it should be 
studied for its own sake, to gain an insight into nature, 
rather than merely to make gold or medicines. 

His style of writing is clear, precise, and unam- 
biguous, in sharp contrast to the books of the al- 
chemists and iatrochemists. Further, his books all 
appeared in English, thus breaking with the common 
tradition of publishing scientific books in Latin. ‘The 
Sceptical Chymist” is in many respects conceptually 
ahead of its time, often by more than a century, and as 
the year 1661 recedes further from us it is possible to 
understand why Boyle’s book is truly a milestone in the 
development of chemical thought. 
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Neary half a century ago, Wolfgang 
Ostwald of the University of Leipzig published a book 
called “The World of Neglected Dimensions” (1). 
It was based on a lecture tour in this country and was 
designed to arouse interest in the novel phenomena of 
colloid chemistry; it fulfilled its goal, passing through 
many editions in both German and English. The 
theme expressed by the title was that colloidal systems 
are characterized by particle sizes in the no-man’s-land 
between atomic dimensions and macroscopic dimen- 
sions—generally, in the range from 10 to 1000 A. 

In Ostwald’s day, there were several ways of esti- 
mating the magnitudes of these mysterious dimensions, 
notably with the ultramicroscope and with ultrafilters. 
There was, however, no way of deducing particle di- 
mensions from one of the most characteristic and unu- 
sual aspects of colloidal systems—their rheological be- 
havior. Rheology is the science of flow, and it is 
especially concerned with anomaluus viscous and elastic 
properties. Ostwald’s book described some cur ous 
and spectacular rheological observations. Solutions 
of gelatin and certain soaps were then the favorite 
choices for illustrating such phenomena as enormous 
increases in viscosity with concentration; changes in 
viscosity with temperature; non-Newtonian flow, or 
so-called structural viscosity, where the apparent 
' viscosity depends on the rate of flow; and flow elasticity 
or elastic recoil, in which a solution, after being stirred 
in one direction, will when the stirring stops reverse its 
direction and unwind. 

‘Although the neglected dimensions and the peculiar 
rheology were both recognized as characteristic of 
colloids, it was necessary to wait a few decades before 
quantitative connections between them could be for- 
mulated. The two decisive steps were these, I be- 
lieve: (a) demonstration in 1934 by Mark, Kuhn, and 
Meyer (2-4) that the phenomenon of rubberlike elas- 
ticity is due to constant wriggling motions and con- 
figurational changes of long flexible molecules, i.e., 
micro-Brownian motion; and (b) demonstration in 
1949 by Kirkwood (5) that whereas external forces in 
phase with Brownian motion (velocity) represent energy 
dissipation, external forces in phase with Brownian 
displacement represent energy storage. Thus a system 
of large molecules, even in dilute solution, can store 
elastic energy while in a state of steady flow. 

From these principles, deductions can now be made 
from rheological measurements yielding certain dimen- 
sions falling in the colloidal or macromolecular range. 
These dimensions may not be as clear-cut as a particle 


Based on a Kendall Award address before the Division of Colloid 
Chemistry at the 137th Meeting of the ACS, Cleveland, Ohio, 
April, 1960. 
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Rheology in the World of 
Neglected Dimensions 


diameter; for flexible macromolecules they involve 
root-mean-square averages (Fig. la), and they include 
average distances between network points in a cross- 
linked network (Fig. 1b), average distances between 
entanglement coupling loci in entanglement networks, 
etc. But these distances are all in Ostwald’s old zone 


of 10-1000 A. 


a b 


Figure 1. Average (root-mean-square) dimensions, (r2)!/2, in macromolecu- 
lar systems. (a) End-to-end separation of an isolated flexible molecule; 
(b) vector between two junction points in a cross-linked network, 


One relation between rheology and macromolecular 
dimensions is so well known that it is omitted from this 
discussion. From the viscosities of dilute solutions 
of flexible polymers, expressed as the intrinsic vis- 
cosity (6), deductions can be drawn about size and 
shape. We are concerned here with some less familiar 
relationships. 


Storage of Energy in Steady-State Flow 


It is easiest to introduce the concept of elastic energy 
storage in flow by discussing very dilute solutions. 
Consider a solution of long, thin rods. It is well known 
that in flow such solute particles are oriented, often 
producing birefringence (Fig. 2) (7). Now the less 
random distribution corresponds to a decrease in en- 
tropy (of course, entropy is also continuously being 
created by the flow and heat dissipation, but that is 
another matter) and hence to an increase in free energy 
which represents elastic stored energy. The same thing 
happens in a dilute solution of flexible coiled macro- 
molecules. It is the interaction of the Brownian motion 


Figure 2. Orientation of rod-like particles between coaxial cylinders. 
(a) Random orientation at rest; (b) aligned orientation during flow. (From 
Reference 7). 
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with the hydrodynamic forces produced by the flowing 
solvent—first recognized by Kirkwood (5)—that gives 
the energy storage. 

The theory has been worked out for the energy 
storage and dissipation for both rods (5) and coils 
(8). The results correspond mathematically to some 
rather simple mechanical models, shown together with 
the schematic hydrodynamics in Figure 3 (9). For 


Figure 3. Schematic hydrodynamics for the behavior of rods and coils in a 
flowing solvent, and mechanical models corr ding to the energy storage 
and dissipation predicted by theory. (From Reference 9). 


the rod, whose axis experiences random Brownian 
motion, there is a viscosity contribution from the 
solvent (y;), and two from the solute; one of which acts 
as though in series with a spring; m = 3m». During 
flow, the spring stores energy in proportion to the stress 
applied. For the flexible coil, there is a wide variety 
of Brownian motions involving configurational changes 
with displacements of segments both with respect to 
near neighbors and with respect to parts of the chain 
faraway. Asa result the equivalent mechanical model 
is more complicated, with a long series of springs that 
store energy. In the theory of Rouse (8), which leads 
to this result, the thermal motion of the coil is analyzed 
in terms of a set of normal modes (Fig. 4). These 
modes interact with the motions imposed by the flowing 
solvent. 


Figure 4. Some normal modes of configurational rearrangement of a flex- 
ible macromolecule as in the theory of Rouse (8). 


The stored energy in a flowing dilute solution of 
macromolecular rods or coils cannot be directly ob- 
served; neither can the elastic recoil, or unwinding, 
(which should in principle take place when the flow is 
stopped) because it is obscured by inertial effects. 
But the unwinding can easily be seen in a concentrated 
colloidal solution, as readily verifiable with a bottle 
of rubber cement or a bow! of turtle soup. <A precise 
measurement can be visualized as in Figure 5, where a 
torque is applied to the inner cylinder. After a time, 
it settles down to a constant angular velocity of rota- 
tion, as shown by the linear portion of Figure 6; when 


the torque is removed, it unwinds through an angle 
which is proportional to the recoverable elastic strain. 

For a concentrated solution of flexible coils, a modi- 
fication of the Rouse theory (10) gives: 


= /5cRT (1) 
yr = 25M /5cRT (2) 


where &;; is the stored elastic energy per cc, y, the re- 
coverable strain or elastic recoil, T the shear stress 
applied during flow, M the 
molecular weight, c the con- 
centration in g per cc, R the 
gas constant (units ergs deg~ 
mole—!), and JT the absolute 
temperature. These equa- 
tions provide a modern link 
between rheology and dimen- 
sions; from the observed elastic 
recoil, the molecular weight can 
be calculated. Fora randomly 
coiled molecule as in Figure la, 
knowledge of M is equivalent 
to knowledge of average dimen- 
sions; usually the average end- 
to-end separation is propor- 
tional to M2. 

Equations (1) and (2) hold Figure 5. Shear of a macro- 
only for small stresses where molecular system between co- 
the coiled molecules are neg- 22! cylinders. (From Refer- 
ence 1 2). 
ligibly distorted by the flow 
from the configurations they would assume in the 
solution at rest. They are also restricted to solu- 
tions in which all the molecules have the same molec- 
ular weight. More complicated expression sare avail- 
able for blends of different molecular weights and molec- 
ular weight distributions (11, 12). 

As a numerical example, consider a 10% solution of 
polystyrene which flows under a stress of 10* dynes/cm? 
and after cessation of flow undergoes a recoil of 20%. 
According to equation (2), the molecular weight is 
1.25 X 10°. For polystyrene in concentrated solution, 
the average end-to-end distance as in Figure la is 
expected (13) to be 7.35 X 10-* M'”*. Thus this di- 


mension is 820 A. 


The Time Scale of Elastic Recoil and 
Related Rheological Effects 


Another feature of Figure 6 which is worth scrutiny 
is the time required for steady-state flow to be estab- 
lished after the torque goes on and the time required 


Strain or Deformation 


+ on 4 Torque off 


Figure 6. Behavior under constant shear stress: approach to steady-state 
flow; the steady state; elastic recovery following removal of torque. 
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for the recoil to be completed after the torque is re- 
moved. Strictly, each of these processes involves ap- 
proaching an asymptotic limit, so the time cannot be 
defined in a simple manner, but qualitatively we can 
consider the time within which a major portion of the 
change is accomplished, as indicated by the interval 
7 in the figure. These two intervals are the same, and 
they are of the same magnitude as the so-called terminal 
relaxation time 7, which in the language of models 
is simply the ratio of the viscosity m to the spring con- 
stant G; in Figure 3. 

For concentrated coils, the terminal relaxation time 
is given by the Rouse theory as 


11 = 6Mn/x*cRT (3) 


where 7 is the steady-flow viscosity. This provides a 
second link between rheology and dimensions. For 
example, if a polymer with M = 1.25 X 10° at a con- 
centration of 15% has a viscosity of 400 poises, 7, = 
0.8 sec. Thus about 1 second is required for a major 
portion of elastic recoil to be accomplished, or probably 
several seconds for it to become complete within ex- 
perimental precision. 

The terminal relaxation time has still another in- 
teresting physical significance: it is approximately the 
ratio of the stored elastic energy to the energy dis- 
sipated as heat per second during steady-state flow. 

If there is a distribution of molecular weights, both 
the approach to steady-state flow and the accomplish- 
ment of elastic recovery will have a more gradual course. 
In fact, the distribution of molecules of different sizes 
can in principle be calculated from the shapes of the 
curved regions of the plot in Figure 6. Even with this 
complication, the time scale for recovery can be used 
for order-of-magnitude estimations of molecular di- 
mensions (11). 


_ Networks of Coiled Macromolecules 


In a vulcanized rubber, and related structures, flexible 
coiled macromolecules are entangled among each other 
and also cross-linked at widely separated points to 
form permanent junctions (Fig. 1b). The theory of 
rubberlike elasticity (2-4) provides a well-known rela- 
tion between rheology and dimensions for such a system, 
often expressed in terms of the shear modulus, or stress/ 
strain ratio at equilibrium, G: 


G = pRT/M. (4) 


where p is the density, and M, is the average molecular 
weight between linkage points. Thus from elastic 
measurements M, can be calculated, and from this the 
average distance between linkages as in Figure 1b. For 
a typical soft rubber, , may be 4000 and the average 
vector between cross-links about 50 A, again in the 
colloidal domain. 

All the dimensions thus far cited as being derivable 
from rheological measurements can be obtained from 
other experiments too, and in many cases the rheological 
relations would not normally be the primary source 
of information. But now we turn to a characteristic 
dimension which seems to be obtainable only from 
rheology, representing a phenomenon that is revealed 
only in rheology—the long-range coupling entangle- 
ments occurring in flexible macromolecules of high 
molecular weight. 
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a b 


Figure 7. Concepts of long-range coupling entanglement: (a) by kinking; 
(b) by long-range looping. (From Reference 1 2). 


Even in the absence of permanent cross-links as 
in Figure 1b, long flexible chains behave as if there were 
widely spaced points of rather strong coupling between 
adjacent macromolecules. This effect is over and 
above the local intertwining which must exist every- 
where. The effects of local chain structure, insofar 
as they have been investigated, indicate that the effect 
is not due to kinking or knotting (Fig. 7a) but rather 
the mathematical expectation that two large loops will 
curve completely back on themselves (1/4) (Fig. 7b). 
The evidence for such long-range entanglement comes 
from several different rheological sources, and there 
are at least five ways of estimating the distance be- 
tween entanglements. 

The first involves the 
dependence of the steady 
flow viscosity on molecular 
weight, as pointed out some 
time ago by Bueche (/4). 
As shown in Figure 8, the 
viscosity rises much more 
steeply above a critical value 
of the molecular weight cor- 
responding (it is inferred) 
to an average number of 
two entanglements per 
molecule. The molecular 
weight between entangle- 
ments is of the order of 
10,000 to 50,000. 

The other estimates of log M 
entanglement spacings de- Figure 8. Dependence of 
pend on various kinds of rae: Lo molecular weight 
time-dependent rheological 
calculations, illustrated in Figure 9. One involves the 
dynamic modulus, which is measured in small oscillating 
deformations; here G’ is the stress in phase with the 
rate of strain divided by the strain. This quantity 
goes through an inflection with increasing frequency 
of oscillation as shown. Qualitatively, this means that 
at just the right frequency—high enough so that the 
entanglements do not slip within the period of oscil- 
lation, but not too high for rearrangements of the chain 
segments between the coupling points—the entangle- 
ment network has roughly the properties of a permanent 
network; the average molecular weight between en- 
tanglements, M,, can be estimated from equation (4) 
with M, substituted for M, and G’ for G. The other 
curves in Figure 9 refer to more complicated functions 
whose full explanation is beyond the scope of this review. 
The loss compliance J” is the strain in sinusoidal defor- 
mations 90° out of phase with the stress, divided by the 
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Figure 9. Sources of information on the spacing between entanglement 
coupling points (explanation in text). 


stress. With changing frequency w, it passes through 
a maximum, and according to a recent theory of R. 8. 
Marvin (/6) the spacing M, can be calculated from 
either coordinate (J"m or wm) of this maximum (/2). 
The relaxation spectrum H is a distribution function 
of relaxation times which can be obtained from various 
rheological measurements. Its shape encompasses 
a plateau region from whose width (A in Fig. 9) the 
spacing 7, can again be calculated. 

Some representative values of the number of chain 
atoms between entanglement coupling points (/2) are 
given in Table 1. They range from-about 200 to 1000, 
which for these flexible macromolecules correspond 
to vector separations of 70 A to 160 A, thus again 
in the range of neglected dimensions. The differences 
among values from different sources are due partly to 
approximations in the underlying theory and partly 
to the fact that they reflect different types of averages. 
Although the exact nature of the entanglement coupling 
phenomenon remains somewhat vague, these spacings 
represent significant dimensions which are derivable 
from rheological information alone. 


Table |. Average Number of Chain Atoms Between En- 
tanglement Coupling Points, from Various Rheological 


Measurements 
From 
n-M 
depend- From From From _ From 
Macromolecule ence G’ J" m A 
Hevea rubber sae 500 140 200 
Polyisobutylene 305 440 250 420 ome 
Polystyrene 360 660 200 base 190 
Polyvinyl] acetate 260 400 340 580 170 
Polymethy] acrylate ... 200 380 
Poly-n-octyl meth- 
acrylate re ii 660 1160 1000 


Rheology of Classical Colloidal Systems _— 

Most of the above examples have been drawn from 
synthetic polymeric systems which did not exist in 
Ostwald’s day. But there are fragmentary data in 
the literature indicating that similar calculations can 
be applied to some classical colloids such as soaps, and 
that in some of these rheology may be obliged to furnish 
the colloidal dimensions without much help from other 
kinds of measurements. For example, studies by 


Bauer (1/7) on solutions of aluminum dilaurate in 
toluene reveal elastic recoil of the sort portrayed in 
Figure 6. Such solutions presumably contain long 
linear aggregates with some degree of flexibi‘ity (/8). 
Application of equations (2) and (3) to the observed 
elastic recoil and (very roughly) to the terminal relaxa- 
tion time yield molecular weights of the order of a 
million. 

In aqueous solutions of colloidal electrolytes, similar 
viscoelastic phenomena are encountered but are still 
more difficult to explain (/9). In dilute solutions of 
ammonium oleate, or of potassium oleate in the pres- 
ence of neutral salt, there is spectacular elastic recoil, 
and transverse elastic waves can be propagated. In 
the experiments of Bungenberg de Jong (19, 20), spheri- 
cal vessels are turned sharply through a small angle 
to excite waves which can be observed by the motion 
of suspended bubbles. From the wavelength, the 
dynamic shear modulus can be calculated by a com- 
plicated analysis of the elastic deformation with spheri- 
cal geometry. It would be a good idea to study these 
systems by more modern rheological methods. What 
is the source of the viscoelasticity here? There seems 
no reason to expect long threadlike association com- 
plexes to be formed, simulating macromolecules, as 
in the aluminum dilaurate solutions in toluene. It has 
been postulated by Winsor (2/) that there is an emul- 
sion of different interpenetrating phases, representing 
different types of micelles—laminar and spherical. But 
it is not clear what the origin of the elastic deformation 
and energy storage can be in such a structure. What- 
ever the final explanation, the rheological phenomena 
will certainly be found to be related to structural 
features which fall in the range of Ostwald’s neglected 
dimensions. 
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Distusion processes are extremely im- 
portant in chemistry (/) but are difficult to demonstrate 
during a typical laboratory period. In the conven- 
tional diffusion apparatus, e.g., the Tiselius cell, meas- 
urements often require several days especially if 
macromolecules are involved. In the present paper a 
simple and inexpensive apparatus is described in which 
diffusion can be demonstrated in a matter of minutes 
and accurate quantitative measurements can be carried 
out during a single classroom period. Furthermore, 
our apparatus is capable of uniquely studying systems 
which otherwise are impossible to examine by the 
ordinary methods; hence it is of genuine scientific 
interest in its own right. 

According to the theory of Brownian movement (2) 
the average of the square of the distance over which a 
particle is randomly wandering is proportional to the 
time during which it was travelling. Therefore, if the 
diffusion is observed over a small distance the time 
required for the observation can be reduced by the 
square of the magnification factor. Thus if the diffu- 
sion measurement is carried out under a microscope 
with a magnification factor of 50, the time scale is 
reduced by 2500 so that hours in the conventional 
diffusion apparatus become seconds in the micro-diffu- 


-sion apparatus. Another feature of the micro-diffusion 


apparatus is that diffusional processes which normally 
take place over microscopic distances, e.g., those 
associated with living cells and with synthetic fiber 
formation, can be readily observed. Furthermore, in 
the apparatus to be described, only microgram amounts 
of solution are required. 


Interferometric Micro-Diffusion Apparatus 


In order to observe and measure the diffusion process, 
one must know the spatial distribution of the con- 
centration as a function of time. The relative con- 
centration can in the usual case be most conveniently 
determined by optical means. The micro-diffusion 
apparatus of Fiirth (3) is a colorimetric method and 
hence is not readily adaptable for colorless substances. 
Even for colored solutes the concentration gradient is 
difficult to ascertain. The totally reflecting micro- 
diffusion apparatus of Zuber (4) suffers from the diffi- 
culty of formation of the boundary between the starting 
solution and solvent. 

To carry out precise diffusion measurements under 
the microscope one must employ accurate and sensitive 
methods to determine the concentration distribution 
around the boundary. Light interference methods are 
particularly suitable for the measurement of refractive 
index and therefore of concentration. A micro-dif- 
fusion apparatus using a Fabry-Perot interferometer 
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Diffusion Under the Microscope 


has been successfully employed by Berg (5) for the 
study of the concentration gradient surrounding a 
crystal immersed in a liquid. Ambrose (6) further 
improved on this apparatus by adapting it to the 
conventional microscope and by introducing a pinhole 
aperture for increasing the sharpness of the inter- 
ference fringes. Robinson (7) has utilized this ap- 
paratus, in slightly modified form, to study the diffusion 
of solvents into plastics. Our apparatus differs from 
that of Ambrose and Robinson in the construction 
of the diffusion cell. Whereas Robinson’s apparatus 


_ used a specially constructed interferometric cell whose 


adjustment is delicate, ours consists merely of two 
standard microscope slides, metallized to render them 
partially reflecting, that are held apart on one end 
with a microscope cover slip to form an optical wedge. 
Besides being very inexpensive, our cell is easy to set 
up for the diffusion measurements. 

A diagrammatic sketch of our original apparatus 
(8) is shown in Figure 1. S is) an AH-4 100-watt 
mercury lamp. The light is rendered approximately 
parallel with a lens LZ; and heat withdrawn from the 
beam with the water filter F;. A Corning glass filter 
combination (or suitable inference filter) F2, which 
isolates the green line (546 my) of the mercury spec- 
trum, interposes the beam. The light falls upon the 
microscope mirror (flat side) M, and the lens F, 
(N.A. 0.5) focuses the light on the aperture (a pinhole 
0.1 mm in diameter) made in the opaque plate P. 
The light is then rendered parallel again by the lens Ls; 


MICROSCOPE & CAMERA 
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Figure 1. Schematic drawing of the micro-diffusion 
apparatus. 
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(N.A. 0.10) and passes through the diffusion cell. 
The interference fringe formed by the diffusion cell 
is observed with the objective lens L4(N.A. 0.10) and 
the eye piece (10X) of the microscope, the latter being 
replaceable by a microscope camera (e.g., Leitz Micro- 
Ibso adapter with a 35 mm camera or a Polaroid Land 
camera with microscope adapter) for taking photo- 
graphs. 

A later version of our apparatus (9) has a concentrated 
source 350—-watt are lamp which together with its lens 
and filter system is arranged so that the parallel light 
beam is directed upwards into the microscope with the 
mirror removed. With the instrument the light is 
sufficiently intense so that the interference fringe image 
can be projected for classroom use on a screen when a 
prism is inserted above the eyepiece (Fig. 2). 


Figure 2. Photograph of the micro-diffusion 
apparatus arranged for classroom projection. 


The Optical Wedge 


There are many interferometric methods for the 
determination of refractive indices (10). The method 
we have chosen, namely, the interferometric wedge, is 
perhaps the simplest to adjust and is easy to adapt for 
microscopic observation. The theory of the wedge 
is simple in outline but complicated in its details (1/). 
A beam of monochromatic light transversing an ‘optical 
wedge will interfere with that portion of the light which 
is partially reflected. When the optical distance (the 
geometric distance multiplied by the refractive index 
of the medium) between the beams is some odd integral 
number of half the wavelength of the light, then there 
is cancellation. If the refractive index of the medium 
in the wedge is constant throughout the wedge then 
the optical distance between the two beams varies 
linearly along the length of the wedge so that complete 
cancellation appears regularly along the wedge giving 
equally spaced interference fringes. As the spacings d 
of the fringes are larger, the smaller the angle @ of the 
wedge and the lower the refractive index n. The dis- 
tance between fringes is given by the formula d = 
\/2n6 where \ is the wavelength of the light. Thus 
for green light (A = 546 mu) we used a wedge of @ = 
8 X 10-* radians (made with two ordinary microscope 
slides using two 0.2-mm cover slips as spacers on one 
end). This wedge exhibits evenly spaced fringes 


separated by d = 0.034 mm and hence are readily 
observable under a low-powered microscope. 

When some of the space between the slides is re- 
placed by a liquid of refractive index n then the optical 
distance difference is greater by a factor of n, so one 
observes lines closer together. Thus for water (n = 
1.33) one observes four fringes in the water droplet 
to every three lines in the air gap. In this case the 
liquid-air interface is discontinuous with regard to 
refractive index. With a boundary between two inter- 
diffusible liquids, on the other hand, the refractive 
index across the boundary varies continuously so that 
one obtains curved interference fringes (Fig. 3). In 
the bulk of the two liquids the fringes are equally 
spaced straight lines corresponding to uniform refractive 
indices. Along any fringe, be it straight or curved, 


Figure 3. Interference fringes for diffusion of 10% sucrose 
solution against distilled water 3 min after formation of 
boundary. AA’ is a reference line. 


the optical distance is constant, i.e., the fringes represent 
contour lines of constant optical distance. If a straight 
line is drawn parallel to the fringes in the constant 
refractive index region (i.e., drawn perpendicular to 
the long axis of the wedge), then the reference line 
represents a line of constant thickness of the wedges. 
The change of optical path along this reference line 
depends only upon the change of refractive index along 
the line. Hence, the closer the fringes are which cross 
the reference line the greater is the variation of refrac- 
tive index along this line. A plot of the density of 
fringes against distance along the reference line is a 
refractive index gradient plot (Fig. 4). 


dn 


dx 


X 


Figure 4. Refractive index gradient versus distance 
for Figure 3. 
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The optical wedge is a multiple-beam interferometer 
and hence the sharpness of the fringes depends on 
reflectivity of the partially transmitting metallized 
microscope slides (12). Highly reflecting surfaces 
will give very sharp fringes which will also be weak, 
however, and hence a compromise must be reached. 
Ideally one would like high reflection with low absorp- 
tion. A carefully prepared (12) metallized glass slide 
with a reflectivity of 85% and an absorption of about 
5% proved satisfactory. For this purpose either 
aluminum, silver, gold, or platinum can be used, the 
last named being especially useful when corrosive 
solutions are being studied. The more detailed theory 
of the wedge (/1, 12) shows that the fringes appear 
sharpest when the angle of the incident beam is ad- 
justed for optimal conditions. In practice we can 
sharpen the fringes by slightly adjusting the optical 
axis of the collimating lens system (Le-P-L;) of the 
microscope and/or by tilting the microscope stage. 
Both adjustments are provided for in the newer version 
of the apparatus (9). 


Measurements of Diffusion 


The actual procedure for making a diffusion run is as 
follows: one drop each of two liquids are placed near 
each other on one of the partially reflecting slides with 
the metallized surface upward; the slide is set on the 
microscope stage. The two cover slips are placed on 
one end of the slide and the second metallized slide, 
with its metal surface facing downward, is placed 
over them to make the wedge. The liquid droplets 
are now in physical contact. A field is chosen in the 
microscope where the sharp boundary between the 
liquids is at right angles to the fringes and the obser- 
vations are made at regular intervals (every minute). 

A feature of this simple wedge diffusion cell is that 
the boundary is formed very easily. This is the case 


- even if the liquids are extremely viscous, where bound- 


ary formation in conventional cells is practically im- 
possible. Since the thickness of the wedge is very 
small convection currents are practically non-existent; 
the method involves short durations of observation and 
microscope proximity of the diffusing elements, there- 
fore, no constant temperature control is required. 

For photographing the fringes, a high-speed film 
such as Kodak Tri-X is useful. The exposures should 
be of the order of !/s9 sec in order to obtain a sharp 
picture around the boundary and the film should be 
developed with high contrast developer. The picture 
can be enlarged and examined as described above. 
Alternatively, the original image can be projected on a 
screen for direct observation of the fringes. In this 
case the direct evaluation of the refractive index gradi- 
ent can be attained by using the so-called Moiré pattern 
technique. Moiré patterns are those images obtained 
when one screen is placed over another screen in a 
nearly superposed position (13). In our case when the 
original image of the fringes is projected on a sheet of 
paper containing parallel lines nearly at right angles 
to the straight line fringes, one sees directly an image 
of a series of parallel lines whose spacings represent the 
refractive index gradient. This arrangement provides 
a dramatic demonstration for classroom use of the 
broadening of the gradient curve as the diffusion 
proceeds. 
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Figure 5. Interference fringes for diffusion of pure glycerol 
against distilled water 5 min after formation of boundary. 


When the refractive index gradient has a Gaussian 
form the diffusion constant is easily obtained by either 
the area-height method or the second moment method 
(1), since in the micro method the duration of obser- 
vation is so short that the time at which the starting 
boundary was formed is determined by extrapolation. 
For a highly concentrated solution the gradient will 
often be skewed toward the solution due to the increase 
in diffusion constant with increasing concentration. 
If the solution is highly viscous the skewness may be in 
the other direction (i.e., toward the solvent) as in 
Figures 5 and 6, because the diffusion is retarded by the 
high viscosity of the medium (/4). For the skewed 
diffusion curve the diffusion coefficient is obtained 
from Boltzmann’s equation (15). The linear de- 
pendence of the diffusion coefficient on concentration 
can simply be obtained from the skewness of the curve 
(16). 


Figure 6. Refractive index gradient versus distance 
for Figure 5. 


Miscellaneous Applications 


A number of diffusion-controlled processes such as 
those encountered in synthetic fiber formation can be 
conveniently studied by the micro method. For 
example, the diffusion of small molecules in highly 
concentrated polymer solutions has been measured 
using our apparatus (8). The results show that small 
molecules may move easily in a polymer solution whose 
macroscopic viscosity is very high but whose micro 
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Figure 7. Diffusion of water into polyacrylamide film. 


or local viscosity is nearly that of the pure solvent. 
Other examples are of the swelling of plastics by solvents 
(Fig. 7), and the coagulation of a polymer solution by 
non-solvents. 
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As previously reported in THIS JOURNAL,* 
the limited abundance of many species of expensive 
separated stable isotopes requires unusual techniques 
to insure efficient conversion and recovery of material 
involved in chemical transformations. lor example, it 
is frequently desirable to convert oxides of enriched iso- 
topes to metallic forms suitable for use as targets in cy- 
clotrons, Van de Graaff accelerators, and reactors. 

The reduction may be carried out in a number of 
ways, but one of the simplest involves the use of a 
hollowed-out spectrographic carbon as a combination 
container and reductant. Commercial spectrographic 
carbons, such as are routinely available from the 


1 Operated for the U. S. Atomic Energy Commission by 
Union Carbide Nuclear Company. 

? Baker, P. S., Weis, G. F., anp RatuKamp, W. R., J. 
Cuem. Epuc., 31, 515 (1954). 


A Rapid Efficient Method for Reducing 
Certain Metallic Isotopic Oxides 


National Carbon Company, are drilled out with a suit- 
able steel drill and the desired quantity of the metallic 
oxide is introduced into the cavity. The carbon can 
then be flamed with a torch to reduce, for example, lead 
oxide or tin oxide to the metal. The thimble may also 
be placed in a hydrogen reduction furnace to effect the 
reduction. The conversion is rapid, the recovery is 
essentially quantitative, and no impurities are intro- 
duced. Furthermore, the 
metal is removed as a 
pellet suitable for roll- 
ing. The accompany- 
ing photograph shows a 
hollowed-out carbon and 
the lead pellet resulting 
from a reduction of iso- 
topic lead oxide. 
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J. Gillis 

University of Ghent 
Ghent, Belgium 
Translated by Ralph E. Oesper 
University of Cincinnati 
Cincinnati, Ohio 


a. Servais Stas (1), the outstanding 
Belgian chemist of the time (best known for his meticu- 
lous determination of atomic weights), was the in- 
dividual most responsible for bringing August Kekulé 
from Heidelberg to the University of Ghent. Stas 
himself was requested by the Minister Charles Rogier 
to accept the chair of general chemistry at Ghent, va- 
cant because of the death of Joseph Mareska in March, 
1858, but he could not bring himself to leave the Ecole 
Militaire in Brussels, where he had spent so many 
years teaching and working in the private laboratory he 
had set up and furnished at his own expense. 

Instruction in chemistry in Belgian universities of the 
mid-nineteenth century was centered mainly on train- 
ing students for the examinations which were prepared 
and administered by a composite government-ap- 
pointed committee. Stas deplored this situation, which 
was not conducive to the development of the scientific 
spirit in the students nor in the country itself. On the 
ground that this kind of educational program lacked 
activity based on personal research, Stas persuaded the 
authorities to seek a foreign chemist to fill the Ghent 
vacancy. He particularly wanted a man capable of 
instituting along with the lecture courses a new prac- 

- tical course in which the student would be trained to do 
laboratory work, at first under direction and then es- 
sentially on his own. No Belgian chemist was available, 
so since Stas had convinced the authorities of the value 
and soundness of the idea, he was commissioned to go 
to Germany to find the right man.! 

Stas quickly became sure that Kekulé was the proper 
person. Trained in the famous teaching laboratory at 
Giessen where Liebig had turned out so many successful 
teachers of the kind Stas was seeking, Kekulé had also 
worked in England, Switzerland, and Paris and conse- 
quently was competent in a number of languages. 
Furthermore he was enthusiastically recommended by 
Liebig, who was probably the greatest chemist of the 
time. On the basis of these facts and his own personal 
opinion, Stas persuaded the Belgian authorities to in- 
vite Kekulé to head the chemistry instruction at Ghent. 
The commission was signed by King Leopold I on 
October 18, 1858. Kekulé had just passed his 29th 
birthday. 

He had very little money, but was full of ambition. 
It was with justifiable pride that he informed Liebig 
of his new position, in a letter which is preserved in the 


1 The “Fonds Stas’’ (2) of the University of Brussels owns many 
documents dealing with the calling of Kekulé to Ghent. The 
original texts were published in 1937 (3). They include rough 
drafts of letters written by Stas to Dumas, Magnus, Liebig, 
Wohler, Bunsen, Limpricht, and Kekulé, and to various officials. 
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Kekule’s Life at Ghent (1858—1867) 


Kekulé Room (4) at the Technical University at 
Darmstadt. It reads in part: 


Heidelberg, October 17, 1858 
Most honored sir: 


It is hardly necessary to inform you that I have been named 
Professor in ordinary at Ghent and have been charged with the 
duty of lecturing there on general chemistry (inorganic and 
organic). 

I feel it is my duty to express to you my sincere thanks for your 
recommendations. My post is very favorable as to salary and 
laboratory funds, so that I can be well satisfied, in view of my 
age. As in the rest of Belgium there has up to now been no 
laboratory instruction at Ghent. However, the government has 
provisionally given me permission to accept private students in 
my laboratory. Therefore it will be my duty to revamp the in- 
struction in chemistry in Belgium and my only doubt is whether I 
have the necessary ability. In any event, my relative ignorance 
of the French language will give me considerable trouble at least 
in the beginning. However I hope that good intentions and 
perseverance will overcome these disadvantages. 


Stas felt that a letter from Liebig would aid in justi- 
fying to the Belgian public and legislative body the 
selection of a foreigner to fill a chair in one of the state 
universities. Liebig was happy to oblige (2). 


Munich, October 21, 1858 
My dear Stas: 


I believe that you can set yourself completely at rest with re- 
spect to the calling of Dr. Kekulé. Time will prove that you 
have made the best choice. The Belgian people are intelligent 
enough to understand that without competent instruction in 
chemistry there can be no able agriculturists or industrialists or 
physicians in a country, at least none that can keep step with the 
advances of the times, and that a poor or mediocre teacher can 
undo for an entire generation the advantages that have been 
produced by a good teacher through his instruction. ,There will 
be praise for the wisdom of your Ministry, which in the interest of 
the university and the young students desired to obtain the best 
teacher without regard to his religion and the country of his 
origin. 

I have known Dr. Kekulé since the start of his career. During 
recent years, as Privatdozent at the University of Heidelberg, he 
has, by means of well-prepared lectures and through effective 
laboratory teaching, surrounded himself with a large circle of 
listeners and has gained a respected position in university circles. 
All his publications bear the stamp of conscientiousness, skill, and 
acuteness. I have been told by competent persons that his lec- 
tures were gladly attended; he had the most listeners and the best 
success in practical instruction. In this respect our students have 
a more correct judgment and they attend only the lectures of 
those Privatdozents from which they learn something superior.” 

For a country like Belgium which occupies such a high rank in 
industry and agriculture, a good teacher of chemistry is especially 
important; you require a man who has the capacity and energy 
to create a school, i.e., to shape men who are’ capable of dis- 
seminating the fundamentals of the science in all strata of society. 

I am of the opinion that if in the last half-century as much had 
been done for chemistry alone in Belgium as has been done for 


2 Kekulé in 1858 had just published his theory on the tetra- 
valence of carbon (4). 


— 


ors 


: 
| 
§ 
: 
i 


art, say for painting and music, then Belgium with like successes 
would have been the object of the admiration of all other 
nations. A country like Belgium is not powerful enough to play 
a large role in politics, but only in science, industry, and agricul- 
ture can it be the center of a much greater power. . . 


With highest respect, I remain 
Very truly yours 
Justus Liebig 


Kekulé came to Ghent about the 8th of November, 
1858, and held his first lecture on the 16th. The latter, 
delivered in French and richly illustrated with demon- 
stration experiments, was a great success. To his close 
friend Weltzien he wrote: 


I cannot say that I was really pleased. At the first lecture, both 
before and after, the hearers kicked up a rumpus such as the 
gallery gods put on in our country when Pepita dances; however 
they kept their mouths shut during the lecture so that it was a 
real pleasure.” 


Kekulé soon became a popular and respected profes- 
sor among the students and his colleagues. It was not 
long before he was made secretary of the science faculty 
and later dean. From the start he aimed at creating at 
Ghent a school of chemistry, based on laboratory work, 
such as he had known at Giessen and such as he and 
Stas wished to see established in Belgium. 


Establishing the Ghent Laboratory 


For the time being he had to be content with the in- 
adequate facilities left by Mareska, dating from 1826. 
Besides a so-called laboratory (8m X 8m) there was a 
small room for preparations and one for the professor 
and the balances. Kekulé found everything in the 
laboratory scrupulously cleaned and in fine order be- 
cause, as he soon discovered, the janitor had been 
trained to put away everything that was being used. 
Along the walls were lovely glass cases filled with 
antique apparatus and bottles of all shapes. Nothing 
was in usable condition. Among the glassware he found 
funnels with 12° angle, not a single flask, and about six 
unused beakers which were regarded as “rare pieces.” 
There was only one test tube; he succeeded in buying 
eleven more in the city. The only laboratory heating 
devices were small oil lamps. He also found much red 
tape to cope with when he wished to buy anything. 
Kekulé invited Stas to come to Ghent. to see for himself 
the conditions under which he was to work and the 
sparseness of the equipment. Since Stas had much in- 
fluence, conditions were remedied in fairly short order. 
Another story was added to the building in 1859-61. 
The new space was turned over to Kekulé; it contained 
the first real laboratory built in Belgium for a chemical 
institution. The new quarters were truly exceptional 
for the time, so much so that Stas in a letter to Liebig 
(1859) stated: ‘The government has not done as much 
for chemical instruction in 25 years as it is now doing for 
Kekulé alone.” Two of his former students from 
Heidelberg, Baeyer of Berlin and Kiindig of Basle, 
joined him in 1858. On November 19, 1860, he wrote 
about his laboratory to Weltzien at Karlsruhe. Baeyer 
and Kiindig had left but others had come to work under 
him. 


We others are not always moderate but we are always hard at 
work, because we have nothing else todo. Things are going along 
briskly in the laboratory and I think there should be results soon. 
I already have two new compounds and I believe more will come. 


Everything that I have tried so far has reacted in my sealed tubes.- 
They are really a good invention and fit in very well with my 
sealed-in life here. My Belgian assistant, my private assistant: 
(Linnemann) whom I have hired for myself, Foster and Hiibner, 
whom you perhaps know from Heidelberg or from his acrolein 
work, are also busy from morning to night. 


His assistant Carl Glaser, who later became director 
of the Badische Anilin- and Sodafabrik, gave a colorful 
account of Kekulé. In part he wrote: 


My place in the private laboratory was next to that of the chief, 
who always thought out loud when working and mentioned to the 
one working in the laboratory the problems that were occupying 
his attention .... Kekulé had great personal charm. He was 35 
at this time, good looking, and striking in appearance, and had a 
cheerful, jovial, indeed often unrestrained demeanor. In fascinat- 
ing fashion he told us, while working, of his days at Giessen with 
Liebig, and about the Parisians and the English chemists. An air 
bath for sealed-tube reactions was set on a high platform in the 
laboratory. We students used a bench or a chair to get up to the 
level of the thermometer scale, but the chief disdained such 
tedious method and with a flying leap landed on the platform thus 
expending some of his excess energy. He regularly stood for seven 
or eight hours in the laboratory working steadily and then each 
evening he worked from 8 to 12 or 1 o’clock on his text book. 


The new teaching and research laboratories were put 
into service during the academic year 1861-62 and 
Kekulé had his hands fuller than before. He wrote to 
Stas (December 22, 1862): 


I have in my laboratory one German student and three Bel- 
gians, who work there every day. Unfortunately, the Belgians 
are sons of faculty members, which means that they pay nothing 
and that is distressing. 

In the new laboratory, I have two afternoons per week for my 
own work. Since 40 students have registered, I have had to 
separate them into two groups. Along with these scamps I have 
eight Russians and one Greek, who work three times a week in 
the afternoon. The result is that I have to spend my time in the 
laboratory with my students every afternoon except one. Yes, I 
like it this way but it is tough. It is always wrong to sacrifice 
oneself and if I had it to do over I would not do it. 


The Lehrbuch 


Kekulé was a fine lecturer, skilled in demonstration. 
He had a deep sense of the importance of historical 
matters and chemical philosophy. His lectures were 
based largely on a new classification of organic com- 
pounds which he had formulated while at Heidelberg 
(5). At Ghent he decided to incorporate his ideas in a 
large treatise, the “Lehrbuch.” From almost the first 
days in Ghent, Kekulé filled his free time with the care- 
ful preparation of his lectures and with writing his 
“Lehrbuch.” The first volume dealt at length with the 
historical development and bibliography and made ¢ 
tremendous impression on the chemists of the time. 

On July 1, 1859, Kekulé sent to his friend Wurtz in 
Paris a copy of the first number. This was acknowl- 
edged on July 21 in the following manner: 


My dear friend and colleague: 

I thank you for sending your excellent book. I will not say that 
I have read it completely (which I intend to do) but I have leafed 
through it carefully and I am convinced that it sums up faith- 
fully the actual state of the science and that it will do you much 
honor. I freely admit with you that you have gone further than 
your predecessors in seeking to account for the fundamental 
properties and the basicity of the elements, in the ideas relative 
to the constitution of compounds, and with respect to chemical 
formulas. I regard your idea of the polyatomic nature of carbon 
as a proper and fruitful idea, capable of significant developments. 


The theory of the tetravalence of carbon, which 
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Kekulé had conceived at Heidelberg in 1858, consti- 
tuted in fact a valuable guide in the composing of the 
“Lehrbuch.” Notably it led to a new and rational 
classification of the multiple compounds of the fatty 
. (aliphatic) chemistry. As shown by the title page (Fig. 
1) this first volume was completed in 1861. 

On page 58 of the first number, he gave 29 ways in 
which as many different writers had suggested that the 
formula of acetic acid should be written. His object 
was to emphasize by this horrible example the disarray 
and confusion then existing with respect to the theoreti- 
cal views of the chemists.* 


Kekulé’s Life at Ghent _ 


After several years of constant work unrelieved by 
worldly pleasures Kekulé, who was inherently a very 
sociable person, began to go out more and more, and 
visit in the homes of the more distinguished families of 
the city. From the time he came to Ghent in Novem- 
ber, 1858, he had been inquiring about the possibilities 
of obtaining illuminating gas day and night so that he 
might run his combustion furnaces whenever necessary. 
He thus came to know the director of the gas plant, 


3 See also THIS JOURNAL, 38, 83 (1961), for a description of the 
role played by Kekulé in organizing the Karlsruhe Congress of 
1860. 
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Figure 1. Title page of Kekulé’s Lehrbuch, Volume 1 (published in numbers 

starting in 1859). 
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Figure 2. Kekulé with his assistants and collaborators at the time when 
he conceived the benzene theory. First row, left to right: Théodor 
Swarts, Kekulé, Carl Glaser. Second row: Auguste Mayer, Wilhelm 
Korner, Esch, Semmel, Behrend, and Ladenburg. 


G. M. Drory, a native of England, and inspector general 
of the “Imperial Continental Gas Association,’ who 
was also consul for the kingdom of Hanover. Soon 
Kekulé became a regular visitor in the Drory home and 
was especially attracted by the younger daughter 
Stephanie. They were married on June 24, 1862, when 
he was 33. Their son Stephan was born on May 1, 
1863, but the young mother died of childbed fever 
several days later. 

Stas sought to console Kekulé, who replied toward the 
end of May: “Your advice to seek distraction in work 
is certainly good, but it has not yet been able to do me 
any good. I have tried but without results.” Liebig, 
who had lost his daughter Agnes a year previously, 
wrote on December 28, 1863: ‘I have found in work the 
only and best solace which nobody can give us to whom 
such a loss has come.’’* 

Despite his grief and the constantly increasing load 
Kekulé kept on courageously. His output of papers 
grew steadily; numerous collaborators were attracted 
to his laboratory. A group picture (Fig. 2) taken in 
late 1864 or early 1865 shows Kekulé, his assistants 
Theodor Swarts and Carl Glaser, and some of his ad- 
vanced students. 


The Second Volume of the Lehrbuch 


In a laudatory review which Williamson wrote for 
The Reader in April, 1865, he said in part: 


There are not quite two volumes in the hands of the public, 
etc., but enough has already appeared to secure the admiration 
and gratitude of chemists .... Carbon has been shown by 
Kekulé to be tetratomic, and although the discovery has al- 
ready thrown a flood of light upon organic chemistry, it is evident 
from the recently published papers of the author that we have by 
no means got all that the development of the idea of tetratomic 


‘ Liebig also told Kekulé that one chair in chemistry at Bonn 
and one at Berlin were to be vacant, and added, “I can well 
imagine that you will again recover if you should once more be in 
Germany and I shall not neglect anything in my power to bring 
this about.’’ Kekulé took this advice and turned his attention 
toward Germany to which he was attached by strong ties. In 
1867 he left Ghent to take over the chair at Bonn. 
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carbon can give us.... The book even in its present incomplete 
state is one of the most original and masterly productions which 
chemistry can boast of. But the author is still one of the young- 
est chemists of eminence, and is still hard at work discovering, 
systematizing, and teaching, etc. 


The second volume was completed in 1866. 


Kekulé’s Research Activities at Ghent’ 


In his Kekulé memorial lecture before the Chemical 
Society of London (December 15, 1897), F. R. Japp 
pointed out that the nine years which Kekulé spent in 
Ghent were years of great productivity. In the theoreti- 
cal papers which he had published up to that time, he 
had laid down the lines of his future work and of the 
future work of the chemists of his generation. 

Frederic Swarts, who was professor at Ghent for 
many years, has also discussed the work of Kekulé 
during the Ghent period (6): 


By the action of phosphorus pentachloride, which he had 
recognized as the reagent par excellence for compounds of the 
water type, he converted salicylic acid into the chloride of chloro- 
benzoyl; he prepared chlorobenzoic acid from which he obtained 
benzoic acid by the aetion of nascent hydrogen. He thus showed 
that there are the same ties of parentage between salicylic and 
benzoic acid as those between glycolic and acetic acid. 

Kekulé published many papers on the C, and C; dibasic acids. 
In 1860 he obtained dibromosuccinic acid by substitution; 
later he found that the addition of bromine to fumarie and 
maleic acids yielded two different dibromosuccinic acids. From 
these acids he prepared bromomaleic and isobromomaleic acids. 
He converted succinic acid into tartaric acid and maleic acid by 
the successive action of bromine and lime, employing a method 
which had previously permitted him to prepare glycolic acid from 
acetic acid. These studies led him to seek the explanation of the 
isomerism of fumaric and maleic acids and also of the pyrocitric 
acids and it was in this connection that he developed his theory of 
“lacunar”’ or incomplete compounds. 

In 1865, at the same time as Wurtz, he discovered the method of 
preparing phenols by fusing the sulfonic acids with potash, a reac- 
tion which later came to have considerable technical importance. 

In 1866 he discovered the remarkable method of preparing 
aromatic acids, a synthesis that still bears his name, and thus 
accomplished the first synthesis of benzoic acid from monobromo- 
benzene and carbon dioxide. This same year he published an im- 
portant paper on the diazo compounds, recently discovered by 
Griess. In the second volume of his treatise on organic com- 
pounds, published that same year, he assigned to these compounds 
a formula that was generally adopted from then on. He also dis- 
covered the transformation of the diazoamide compounds into 
aminoazo compounds. 

In 1867 he communicated to the Belgian Academy the result 
of his researches on the sulfuretted derivatives of phenol and on 
the sulf-acids of phenol and showed that these compounds, in 
which the phenolic function has been retained, are sulfonic deriva- 
tives and not sulfuric ethers. 


From 1867 on, Kekulé made use of a new model of the 
carbon atom, which he described in a paper on the con- 
stitution of mesitylene (7): 


This imperfection of the older models can also be avoided, at 
least in the model, if the four affinity units of carbon, instead of 
lying in one plane, are allowed to extend outward from the 
atomic sphere in the direction of hexahedral axes so that they 
terminate in tetrahedral planes. Here the lengths of the wires 
which express the affinity units are likewise so chosen that the 
distance of the ends are always of the same magnitude. A simple 
arrangement, whose discussion would lead too far here, makes it 


5 Eprror’s Nore: The far reaching consequences of Kekulé’s 
visionary approach to the problems of structural theory have 
been dealt with in the papers of the Kekulé-Couper Centen- 
nial, published in TH1s JoURNAL, 36, 319 (1959). 


possible to connect the wires as the need arises either linearly or 
at any chosen angle. A model of this kind permits the binding of 
1, 2, and 3 affinity units and it seems to me to accomplish all that 
it is possible for a model to accomplish. 


This tetrahedric model of the carbon atom was used 
at the University of Ghent for almost 100 years. By 
adding carbon atoms (black), oxygen atoms (red), 
chlorine atoms (green), etc., it permits the representa- 
tion of many organic molecules. It is suitable, for in- 
stance, for depicting saturated and unsaturated hydro- 
carbons, double and triple bonds, and the benzene 
molecule, as well as various stereoisomers. 

The same model inspired Baeyer in developing his 
strain theory and perhaps even van’t Hoff, who at- 
tended Kekulé’s lectures at Bonn where it was also 
used. Anschiitz (8) wrote in 1929: 


Thus it is possible that the young van’t Hoff received from the 
teacher whom he admired so much the first impressions that led 
him to the development of the theory of the asymmetric carbon 
tetrahedron; historically this cannot be proved. 


Eminent Chemists Trained at Ghent 


In the years he spent at Ghent, Kekulé trained and 
educated many young men, some of whom later occu- 
pied positions of note. Kekulé himself (in 1892) re- 
called these years. “There gathered around me a 
number of students, mostly already mature. It was 
less a systematic course of instruction than an enjoyable, 
free academic living together.” 

The most striking of these products of the Ghent 
laboratory were Adolf Baeyer, who subsequently was 
professor at Berlin, Strassbourg, and Munich where he 
succeeded Liebig, and who was awarded the Nobel 
prize in 1905; and Wilhelm Korner, later professor at 
Milan, and creator of the “absolute method” for 
establishing the ortho, meta, and para positions of sub- 
stituents in the benzene ring, terms which he coined. 

Among the Germans who studied with Kekulé were: 
Hans Hiibner, who was Wohler’s successor at Goet- 
tingen; Eduard Linnemann, later professor at Prague; 
Carl Wichelhaus, who coined the term ‘‘valence” and 
who was professor of chemical technology at Berlin; 
Albert Ladenburg, well known for his work in the his- 
tory of chemistry, later professor of Breslau; and finally 
Carl Glaser, Heinrich Brunck, and Carl Leverkus, all 
of whom became noted industrialists at the Badische 
Anilin- und Sodafabrik. Among the English were 
George C. Foster, professor at Glasgow and then 
London, and James Dewar, professor at the Royal In- 
stitution at London. Th. Kiindig of Basle and Rad- 
ziszewski from Russia are other examples of the in- 
ternational character of this group. Among the Bel- 
gians were Théodor Swarts, who became Kekulé’s suc- 
cessor at Ghent, and Edouard Dubois, professor of 
pharmacy at Ghent. 


Return to Germany 


Kekulé had now gained an international reputation 
as a teacher, research man, author, and theoretician; 
it was inevitable that he would not remain much longer 
in the small Belgian university. Furthermore, he, like 
A. W. Hofmann who likewise was an outstanding figure 
in a foreign country, was innately desirous of securing a 
chair at a university in his native Germany. Hofmann 
accepted a call from the University of Bonn in 1863; 
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he was lured from London in great measure by the 
promise that a large new laboratory would be built in 
accord with plans that he himself could draw up. How- 
ever, he stayed at Bonn only until 1865 when he be- 
came successor to Mitscherlich at Berlin, again being 
promised a new chemistry building. 

A. W. Hofmann left the University of Bonn in 1865 
to go to Berlin; the Prussian authorities hesitated quite 
some time before filling the vacancy at Bonn. Kekulé 
and Kolbe (of Leipsig) were the only real choices. 
Kolbe was chosen but declined, and in June, 1867, the 
official call came to Kekulé, who was in Paris at the 
time acting as a judge at the international exhibition. 
He did not hesitate; his resignation was accepted by the 
University of Ghent on September 21, 1867. 

The new laboratory at Bonn was erected according 
to the plans worked out by Hofmann but with modifica- 
tions by Kekulé. It was large, imposing, a veritable 
palace in comparison with the modest quarters at 
Ghent. Here he continued his career working out the 
consequences of his theory of the benzene ring, and here 
he trained a large company of men who later became 
eminent teachers and industrialists. Among these were 
Belgians such as Gillet and Spring (Liege), Bruylants 
(Louvain), Crismer (Brussels). Consequently, even 
after his departure, he continued to exercise a sig- 
nificant influence on the teaching of chemistry in Bel- 
gium. His successors at Ghent were Théodor and 
Frederic Swarts, Leo Hendrik Baekeland, Edouard 
Dubois, and Eugene Gilson. 

The first number of the third volume of his ‘Lehr- 
buch” appeared in 1867, i.e. during the last year at 
Ghent. At Bonn he became so occupied with ad- 
ministrative and other duties that the second number 
did not come out until 1880 and even this was only 


made possible by the collaboration of his students 
Anschiitz and Schultz. Unfortunately, the work was 
never completed, a regrettable victim of the hustle 
and bustle of Bonn as compared with the quiet of 
Ghent. 

The centenary of the modern structure theory of or- 
ganic chemistry, due largely to Kekulé and Archibald 
Couper, was duly observed by the chemical world. At 
Ghent, this occasion was coupled with the observance 
of the 100th anniversary of the coming of Kekulé to the 
University of Ghent. An exhibition was held in the 
main library and manuscripts, documents, books, 
apparatus, pictures, photographs, and other historical 
items were put on display to honor the man who had 
inaugurated modern chemical education in Belgium. 
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Liebig Birthplace Memorial 


War is not kind to chemical shrines. During World War II Darmstadt, the birthplace of 
Liebig, was severely bombed; one of the casualties was the famous Liebig Haus which contained 
a museum dedicated to the great man. An article in THIs JOURNAL [6, 1869 (1929)] included many 
pictures of this collection, now totally destroyed, which was housed in the building where Liebig 
grew up. Now all that is left is a vacant lot with a small stone bearing the inscription Justus Lie- 


big was born in the house which formerly stood here. 
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I is important that students of chemis- 
try should be aware of the value of thermodynamics 
as an essential tool in their professional equipment. 
Unfortunately this is often not the case, and the reason 
seems to be that only a few are easily able to bridge 
the gap between the behaviour of materials in the 
laboratory and the mathematical formulation of the 
problem. Particularly difficult is that part of thermo- 
dynamics which deals with the way in which extensive 
properties of mixtures vary with change in composition. 
Here, even at the outset, students are confronted 
with proofs of relationships which involve the use of the 
partial differential calculus (vide the traditional ap- 
proach to partial molal quantities) and they find diffi- 
culty in appreciating the significance of the algebraic 
symbolism. We suggest that these difficulties are 
avoided if a geometric approach is used. There is 
nothing essentially new involved in presenting thermo- 
dynamic properties geometrically. The method was 
used freely by Gibbs (7) and by Bakhuis Roozeboom 
(2) to name but two pioneers, but there has been a 
noticeable tendency away from geometry in favour of 
algebra. Moreover there apparently have been no 
serious attempts to present extensive, as opposed to 
intensive, properties geometrically. 


Graphical Representation of Extensive Properties 


An extensive property X of a system is one which 
increases \-fold when \ such identical systems are put 
together under the same _ intensive conditions; 
examples are volume JV, internal energy FE, enthalpy H, 
Gibbs free energy F, entropy S, heat capacity C. 
Composition must be expressed in moles, not in per- 
centage composition by weight, if any attempt at 
theoretical interpretation of the extensive property is 
to be possible. 

We restrict our attention here to systems of two 
components, and shall designate by m; and n2 the num- 
ber of moles of each present. Let us consider first the 
total volume of a system composed of two completely 
miscible liquids; partial miscibility is dealt with later. 

Provided n; and nz are the only independent vari- 
ables, i.e. temperature and pressure are kept constant, 
we can represent the relation between say, total vol- 
ume V, m, and m2 by means of a three-dimensional 
diagram in which V is the vertical ordinate and m 
and nm, are horizontal (Figs. 1 and 2). 

We notice immediately some important features. 
In Figure 1 any line OB lying in the m-n2 plane repre- 
sents mixtures of the same composition because, by 
similar triangles, ni/n2 is constant for all points on 
OB. Let A represent a mixture of composition m:- 
nm, and AC its volume. Let B represent \ such mix- 
tures put together and BD the new total volume. 


A Geometric Approach to 
Extensive Properties 


From the definition of an extensive property, BD/AC 
= But OB/OA = = Accordingly 
OCD is a straight line. It follows therefore that, in 
Figure 2, the surface representing the variation of an 
extensive property with composition is generated by 
straight lines through the origin. This is equivalent 
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Figure 1. Construction of molal diagram, 


to saying that at constant temperature and pressure, 
X is a homogeneous function of the first degree in 
and ne, but the geometric statement is easier to compre- 
hend. It should be pointed out here that this surface 
is not in general a plane although it may closely ap- 
proximate to it in certain cases. Thus where X is 
volume it is very rare for the surface to deviate markedly 
from a plane; volume contraction or expansion of 
liquid mixtures is rarely more than a few per cent of 
the total volume although theoretically important 
nevertheless. Where X is related to the energy of 
the system, marked deviations from a planar surface 
are common and we shall cite several examples. 


Figure 2. Straight line generators of molal diagram. 


We shall refer to such three-dimensional representa- 
tions of extensive properties in terms of molal composi 
tion as molal diagrams. 
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The second feature to be noticed on the molal dia- 
gram, Figure 2, is that the straight lines OA and OE 
represent respectively the value of X for varying 
amounts of the pure components, the. points P and R 
giving the values of X for one mole of each pure 
component. 

Third, it is readily seen that the surface OAFE is 
cut by a vertical plane n; + m2 = lina curve PQR which 
represents the value of X for one-mole-total mixtures. 
If mn; and nz are plotted on the same scale, this cut 
lies at 45° to the m- and n-axes. The abscissa on this 
vertical cut reads directly in mole fraction, «x. 


Some Related Two-Dimensional Diagrams 


There are two kinds of graph commonly used to 
represent the dependence of an extensive property on 
molal composition. One type, the constant m, (or 
nz) diagram shows the way in which the property 
varies when a fixed amount of one component is added 
to increasing amounts of the other. Figure 3a shows 


100 F 


C,, cal. deg~' 


4 
1 


moles water, 2, —> moles sulfuric acid, 2, —> 

(a) (b) 


Figure 3. Heat capacity constant-n diagrams for H.SO,, H,O system: 
(a) constant-one-mole sulfuric acid, and (b) constant-one-mole water. 


(3) the heat capacity at 25°C of mixtures made from 
1 mole sulfuric acid with increasing quantities of water. 
There is, of course, a complementary diagram (Fig. 
3b) showing the heat capacity of mixtures made from 
one mole of water with increasing quantities of sulfuric 
acid. (For aqueous solutions it is more customary 
to plot the curve for 1000 g, i.e., 55.5 moles water, 
with increasing quantities of solute.) 

The second type is 
the one-mole-total dia- 
gram, showing the 
value of the extensive 
property for those 
mixtures in which 
m+mn= 1. Figure 
4 shows the diagram 
corresponding to Fig- 
ures 3a and 34 for the 
heat capacity of the 
water-sulfuric acid 
system. 

These two types of 
special vertical cuts eas 
through the surface of 
a single molal diagram 


w 


oO 


heat capacity, cal.deg™* mole™' 


Figure 4. One-mole-total diagram 
for the heat capacity of the HSO,, 
H2O system. 
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Figure 5. Cuts corresponding to Figures 3 
and 4 on a molal diagram. 


and Figure 5 shows the relationship between them. 
This important interconnection is more easily com- 
prehended by the use of a model (Fig. 6) in which the 
straight line generators are rays of light from a point 
source. The molal surface is generated from the one- 


-mole-total diagram which is represented by a curve of 


the extensive property drawn to scale in black ink on a 
sheet of glass. Alternatively a silhouette of the one- 
mole-total diagram can be used. The inset is a photo- 
graph of the model self-illuminated by a 6-v, 6-w 
automobile lamp. 

Clearly the two-dimensional one-mole-total diagram 
governs all the features of the molal surface since the 
latter is completely generated from the former. 


Partial Molal Quantities 


(1) Molecular interaction. Variations in X are a 
measure of the mutual interaction between the com- 
ponent molecules and in general the manner in which 
this interaction affects X will depend upon the ratios 
of the different molecules present, i.e. upon the com- 
position. To check any model of the system one 
needs to estimate what change in X per mole there 
will be for each of the components added in turn but 
with the total composition unchanged. The student 
needs to realize the importance of these changes in X 
which are the partial molal quantities of the compo- 
nents at that composition and, measured this way, 
would require an infinite amount of mixture. 

(2) The molal diagram. The effect of the addition of 
component 1 will be revealed on a constant-n, diagram 
(Fig. 3a), and vice versa (Fig. 3b). Since an infinite 
amount of mixture is ruled out, we use the slope of X 
with m, at the required composition to give the partial 
molal quantity of component 1 and again, vice versa, 


i.e., 
ox ox 
Xx, = and X, = til 


(3) The method of intercepts. The usual proofs that 
the appropriate intercepts on a one-mole-total diagram 
are the partial molal quantities are difficult for many 
students to follow and one finds, in fact, that many 
such proofs do not stand up to critical examination. 

The main difficulty arises in rigorously relating 


values to values. The methods, 
on Ne 1+ 
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Figure 6. Model for illustrating a molal diagram. The source of light 
at the origin is a 6-v, 6-w automobile bulb; a one-mole-total diagram is 
drawn in black ink on a sheet of glass. The insert (above right) is a self- 
illuminated photograph of the model. 


usually adopted are unsatisfactory for the mathe- 
matically-minded and bewildering to the novice, 
principally due to a failure to specify precisely the 
conditions of partial differentiation. 

The use of the molal diagram to prove the method of 
intercepts is particularly straightforward. Referring 
to Figure 7, and bearing in mind the straight line gen- 
erators through the origin, it is clear that the three 
tangents BE, DE, and B’D’ lie in a plane. Moreover 
ODEB is a parallelogram and hence its opposite sides 
make equal slopes with the basal plane. Therefore 
the intercept relation can be derived in one line: 


ox 
any .* slope of line BE = slope of line OD = 


GD/nz = (intercept D’G’)/1 
Similarly 
ox 
= (intercept B’H’)/1 


A further important equation can be equally easily 
derived. From the one-mole total diagram (Fig. 8), 
using similar triangles: 

DC — FE BA — FE 
CE a AE 
or 


Ze 1 


giving 
X= + 
This is the relation usually obtained by the applica- 
tion of Euler’s theorem of homogeneous functions to 


the dependence of X upon m and nm. The geometric 
approach is obviously much simpler. 


Figure 7. 


Partial Miscibility and Limited Solubility 


Strictly these two terms are synonymous, but usage 
tends to associate the former with mixtures of two 
liquids and with solid solutions and the latter with 
mixtures whose pure components are of different phys- 
ical states. The only difference these phenomena 
make to a molal diagram is to divide it into regions 
according to the number of phases present. (The 


8 
“J 
po— 
A E 
Figure 8. 


number of moles of each component present are those 
for the total system irrespective of the number and 
nature of the phases.) For each such region all the 
geometric features are preserved which result from the 
generation of the surface by straight lines through the 
origin. But there are discontinuities in the surface 
at the boundaries common to two adjacent regions. 
These boundaries lie on vertical planes through the 
origin which are fixed for a given system (at the same 
temperature and total pressure) whatever the exten- 
sive property of interest. 

Figure 9 shows the molal surface giving the heat of 
mixing (excess enthalpy, see next section) for the sys- 
tem KOH-2H.0 and water (4). This molal sur- 
face has two distinct regions, that to the left repre- 
senting one phase, namely KOH solution, and that to 
the right two phases, namely solid KOH-2H,0 and 
saturated solution. Note that the right-hand surface 
is a plane; this is always the case for binary mixtures 
when two phases are present whatever the extensive 
property, because the phases change merely in extent 
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Figure 9. Molal diagram for KOH-2H.O, 
water system showing two regions. 


and not in nature when the total composition is 
changed. 


Reference States 


Volume and heat capacity have unambiguous ab- 
solute values, unlike the thermodynamic functions 
E, H, F, G, ete., whose values cannot be fixed in the 
absence of an absolute datum. It is simpler to in- 
troduce the student to the former type first because 
the notion of excess extensive properties follows 
naturally. 

To plot excess volume or excess heat capacity is 
simply to choose the reference datum in a special way, 
that is, so that the pure components themselves have 
zero values of the property. Excess functions are a 
useful means of amplifying small deviations of the sys- 
tem from simple additivity such as is usually shown by 
volume for example. It is now but a simple step to 
apply the notion of reference states to those extensive 
properties of the second type which have no absolute 
datum. In the case of enthalpy, for example, one can 
construct the molal diagram so that each point on the 
surface represents the enthalpy relative to the enthal- 
pies of the elements (in their standard states) from which 
the components are made. Alternatively one can esti- 
mate enthalpies relative to the pure components them- 
selves, in which case the surface is that for the excess 
enthalpy, or, as it is more usually called, the heat of 
mixing. In the case of free energy there are several 
useful reference states which can be used in order to 
construct the molal diagram. However in all cases in 
which excess properties are depicted, the surface ter- 
minates in the mn and n, axes themselves (see Fig. 9). 
This can be conveniently demonstrated on the pro- 
jection apparatus Figure 6. 


Equations to Molal Surfaces 


Although not essential to the empirical study of 
extensive properties, equations giving the relation 
between X and composition are essential for any the- 
oretical understanding of mixtures. From the geo- 
metric properties of the molal surface we can deduce 
the most general form the equation can take. 

The value of X at any point on the surface is given 
by the product of the two factors (Fig. 10): 


X = OA-tan 0 


Taking tan @ first we see that for a given mixture 


126 / Journal of Chemical Education 


it depends only upon 7/n2. It is in fact f,(m/ne) 
where f; is any function. 


Thus X = OA-Sfi(1/ne) 


But OA = + n,?)1/? 
= me{(mi/n2)? + 1}1/? 
= nefo(ni/n2) 
Therefore X = 
or X = naf(n/n2). 
Other equally valid forms are mf(ni/n2), mf(n2/m), 
etc. 


The results of measurements on extensive properties 
are often summarized in the form of equations in 
order to dispense with tabulated data and to facilitate 
interpolation. As long as this is all that is demanded 
of the equation the only criterion of suitability is its 
goodness-of-fit. 

For example an equation giving the heat of mixing 
which results when nz moles of HCl (gas) are dissolved 
in 1000 g water at about 18°C is given by Klotz (5) 
as 


oH® 
D. ) = —17,300 + 430 nz cal mole! 
No ny, 


and, on integration 
= —17,300 no + 215 no? + constant 


As we have seen, any excess extensive property is 
zero for either pure component. Putting no = 0, we 
obtain an integration constant of zero. The resultant 
equation is that applying to a constant-n,; diagram (n, 
the number of moles of water, being 1000/18 = 55.5), 
and it closely represents the experimental data over the 
range to which it can be applied, namely nz between 0 
and 20.0 (saturated HCl)* except for small errors 
in the value of H® for nz very close to zero. From thise 
equation, we can generate one for the molal surface 
between the n; axis (pure water) and the discontinuity 
which occurs at saturation. 

We can put the equation in the form nef(n2/n) as 
follows: 


He = no| — 17,300 (n2/n,)° 215 


x 


Figure 10. 


In this equation n, = 55.5, hence the equation to the 
surface is: 


H® = n2[—17,300 + 11,900 (n2/n1)] (1) 


for the range between n2/n, = 0 and 0.36. 


* Data are frequently quoted for HCl molalities far greater 
than 20 but these are not experimental. They originate from 
speculations of Thomsen (5a). 
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This equation to the molal surface carries no theo- 
retical implications. A theoretical model for the mix- 
ture will restrict the type of equation used to represent 
the molal surface. Usually, the more sophisticated the 
model, the more elaborate the equation. Thus Moel- 
wyn-Hughes (6) cites an equation for the excess en- 
thalpy of mixtures which is of the form 


HE 1 + a,(ni/n2) | 


+ a3(n;/ne2) + 


where the a’s are constants appropriate to the mixture. 
Guggenheim (7) uses a similar equation which has one 
higher power both in the denominator and numerator. 

In all cases where equations are used to represent 
molal surfaces or vertical cuts through them, it is 
essential to confine applications within the experimental 
limits. Extrapolation outside these limits is a dan- 
gerous exercise. Consider again equation (1) for the 
HCl-water mixture. We can obtain the equation to 
the one-mole-total cut by putting nm) = 2 and nm, = 
1 — 21, whence 


= — 17,300 (1 = x1) + 11,900 (1 


but this will apply only to the experimental range. 
Outside this range H® would apparently be infinitely 
large at 2, = 0. No finite system could have an 
infinite enthalpy; moreover, even if the value of H® 
were finite at x; = 0 and were theoretically intelligible, 
it would refer not to pure HCl (gas) but to HCl in a 
hypothetical liquid state under the same temperature 
and pressure conditions. Accordingly we recommend 


that students using such equations should be warned 
against applying them outside the experimental limits. 


Conclusions 


The molal diagram is a useful device both for in- 
terpreting important properties of mixtures and for 
deriving important algebraic relationships in a simple 
way. It is true that the one-mole-total diagram 
summarizes all the properties of the system in a con- 
venient way but as an introduction to the study of 
extensive properties we believe the molal diagram to be 
invaluable. 
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Graphical Representation of 


Cando Hydrolysis of the Ferric lon 


H arolysis of iron (IIT) solutions has been 
recognized and studied for many years. The recent 
compilation of stability constants by Sillén and his 
associates cites no fewer than 42 references to investi- 
gations of this hydrolysis (1). Until fairly recently the 
reaction assumed to occur has been either (1) or (la): 

Fe*+ + H,O = FeOH?+ + H+ (1) 

Fe*+ + OH- = FeOH?* (la) 
More refined studies, especially those of the Stockholm 
school, have shown that the hydrolysis of metallic ions 
usually results in some formation of polynuclear species 


(2). Thus, to account for his experimental observa- 
tions, Hedstrém (3) sought and found constants for 


1 Present address: University of Western Ontario, London, 
Ontario, Canada. 

2 Present address: University of Waterloo, Waterloo, Ontario, 
Canada. 


three equilibria, (1) above and (2) and (3) below. 
Fe*+ + 2H:O = Fe(OH).+ 2H+ (2) 
2 Fe?+ + 2H,O = Fe(OH).**+ + 2H* (3) 


Other investigators have also postulated formation of 
the dimeric species (4-6). Three hydrolysis constants 
are thus required to specify the reactions that may 
occur under various conditions: 


_ [FeOH](H]_ 
[Fe(OH).] 
Bie [Feo] 
= [Feo]? 


(Charges have been omitted from the ions in the above 
expressions for convenience in representation.) 

In the course of measuring formation constants for 
complex ions formed by iron (III) and various organic 
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ligands, the authors undertook to correct for hydrolysis 
the concentration of iron (III) not bound to ligand. 
Where [Fe(III)] represents the concentration of the 
latter, it is obvious that [Feo], the concentration of un- 
hydrolyzed iron (III), will in many instances be 


smaller. If only the simple reaction of equation (1) is 
considered, 
Ku 
[Fe] = [Fe(II] + (4) 


whereas if reactions (2) and (3) are also considered, 


Bu 2622 [Feo] 
(H) (5) 


+ 


[Feo] = [Fe(III] (1 


The presence of the last term inside the bracket in equa- 
tion (5) makes its evaluation cumbersome. 

Calculations of this sort are facilitated by electronic 
computing devices and, as we have shown elsewhere, the 
results of a large number of such computations may 
significantly and usefully be represented graphically (7). 
The values obtained by Hedstrém for the equilibrium 
constants involved are the following: 


Bu = 0.90 x 10-3 
Biz = 0.47 10-6 
Bes = 1.22 < 10-3 


(25°C, 3 M NaClo, 
background) 


These were incorporated into a program for the Uni- 
versity’s former computer FERUT, which produced 
data for the construction of “profiles” of fraction of 
metal in a given species versus total metal concentra- 
tion at a fixed pH. From these “contour” diagrams 
were produced, showing on a figure of pH versus log 
[Fe(III)] the points of constant percentage of metal in 


- log [Fe], 


Figure 1. Percentage of free (unhydrolyzed) ferric ion a as function of 
PH and total iron [IIl) concentration. 
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Two such diagrams 
are shown, the first giving percentages of free (unhy- 
drolyzed) iron(III), and the second a composite, 
showing percentages of various hydrolyzed species 
(Figures 1 and 2, respectively). 


any chosen constituent species. 


It is evident that the information portrayed in 
Figure 1 satisfies the requirement for which the calcula- 
tion was undertaken. Contours for other percentages 
of Feo not shown are available for closer interpolation. 
Clearly any calculation based on equation (4) will give 
sets of contours parallel to the horizontal axis; this is 
tantamount to stating that the degree of hydrolysis is 
independent of the iron concentration. For relatively 
dilute solutions (< 10-* or 10-4 M), the contours do lie 
horizontally; taken by themselves they suggest a 
single-stage hydrolysis [equation (1)] with log K ~ 
2.8 or 2.9. 

The dependence of the degree of hydrolysis on concen- 
tration of iron (III) indicated in Figure 1 has this in- 
teresting consequence: if, in calculating formation 
constants of iron (III) complexes, hydrolysis is ignored 
or calculated by equation (4) and a suitable value of 
K"', the formation constants derived from experiments 
in which [Fe(III)] > 10-* may differ from those ob- 
tained where [Fe(III)] <10~-*. Such differences in the 
value of [Fe(III)] might easily arise from experiments 
involving pH titrations and spectrophotometric meas- 
u ements respectively. 

Figure 2 is of interest mainly because it gives some 
insight into the distribution of constituents in hy- 
drolyzed iron (III) solutions. It is evident that, if 
Hedstrém’s constants are accurate, the dimeric species 
is the most important of the hydrolysis products in 
solutions more concentrated than 10—* molar. 


oH 


3 
-log (Fe), 


Figure 2. Percentage of each product of hydrolysis of ferric ion as a func- 
tion of pH and total iron (Ill) concentration. 
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a is concerned with the 
measurement of wavelength and of intensity of elec- 
tromagnetic radiation in the visible region. It is used 
extensively for the identification and/or determination 
of substances which absorb light. Two fundamental 
laws are applied, the one of Lambert which relates the 
amount of light absorbed and the distance it travels 
through an absorbing medium, and that attributed to 
Beer which relates light absorption and concentration of 
the absorbing substance. The two laws may be com- 
bined and expressed by the equation 


log = ked 


where J) = intensity of the incident beam of light, 
I = transmitted intensity, c = the concentration of the 
absorbing substance, d = the distance through the 
absorbing solution, and k = a constant, dependent 
upon the absorbing substance, wayelength of light 
used, and on the units of ¢ and d. 

A survey of the chemical literature contemporary to 
Lambert and Beer reveals that in each case the law 
enunciated was not the product of a single man’s 
genius. Although J. H. Lambert (/) is given credit 
for the law bearing his name by virtue of its appearance 
in 1760 in his “Photometria,” actually a Frenchman, 
P. Bouguer (2), stated empirically the same relation- 
ship much earlier in his ‘Essai d’optique sur la grada- 
tion de la lumiére” which appeared in Paris in 1729. 
Likewise, A. Beer (3) published in 1852, predating by 
only a few months the Frenchman F. Bernard (4) 
who in August of that year arrived independently at a 
similar relationship between absorptive capacity and 
concentration. It is of interest to compare the work of 
the Germans and the French in order to trace similari- 
ties in thought and to give due credit to all those who 
helped formulate the laws which have become the basis 
for colorimetric analysis. 


The Law of Bouguer 


In Bouguer’s time, the usual view of the physicist 
was that matter possessed “pores” in all directions 
through which light might pass. Bouguer did not ac- 
cept this view, but held that bodies of matter as such 
let the light pass. He believed the bodies to be porous, 
but not in so regular a fashion as the contemporary 
theory would indicate. Bouguer’s own picture of the 
passage of light through matter involved the collision of 
“ether particles” (photons) with particles of matter, and 


1 Based on a term paper in analytical chemistry submitted at 
the University of Virginia in February, 1960. Present address: 
Department of Chemistry, Johns Hopkins University, Baltimore 
18, Maryland. 


Development of the Laws of Colorimetry 
A historical sketch 


the consequent movement of the latter in the direc- 
tion of the light. The matter in turn would give up 
its motion to those ether particles found within the 
pores of the body. These ether particles, moving in 
the direction of the light, would strike more particles 
of matter, and the transmission of an impulse would be 
repeated until the light ray had passed through the 
body. Although primitive, this representation super- 
seded Newton’s emanation theory, since the trans- 
mission of an impulse did not require the displacement 
of the particles of matter themselves. 

Bouguer’s ideas concerning the diminution of light 
as it passes in this manner through transparent matter 
are of interest in the present study. A translation from 
the French of the pertinent part of Bouguer’s extensive 
treatment of the gradation of light follows: 


Section II. Transparency and opacity. II. The ratio in which 
light diminishes as it traverses media (2). 

...as we have explained how light passes through transparent 
bodies, we must now consider the law according to which it 
diminishes in its passage. At first we might think that, if we 
imagined the transparent body to be divided into parallel layers 
of the same thickness, all these layers would intercept the same 
number of rays; thus the light, diminishing by the same amount 
in its passage through each layer, would decrease according io an 
arithmetic progression. 

To examine the truth or the falsity of this idea, I passed a light 
of 32-candlepower perpendicularly through two sheets of glass, 
after which I found its intensity to have been halved, for it was 
then only 16-candlepower. Now if another thickness of two 
sheets of glass had caused an equal diminution, all the rays would 
have been intercepted. Nevertheless, the addition of two more 
sheets certainly did not form an absolutely opaque body. The 
light was still very bright, and when I passed it through ten sheets, 
it was still as intense as that from one candle. 

But doubtless the reader already sees quite clearly that, for a 
second thickness to intercept exactly the same number of rays as 
the first, it would be necessary that exactly the same number of 
rays be incident upon it. But if only one-third or one-quarter of 
the total number of rays are incident upon the second layer, it is 
certain that this layer must intercept only one-third or one-quar- 
ter as many rays as the first. Thus the equal layers should ab- 
sorb not equal quantities, but rather proportional quantities. 
That is, if a certain thickness intercepts half of the light, the thick- 
ness that follows the first, and which is equal to it. will not inter- 
cept the entire second half, but only the half of this half and will 
consequently reduce it to one-quarter. Since all of the layers ab- 
sorb like portions, it is obvious that the light will always be di- 
minished in geometric progression.” 


In the experiment just described, Bouguer demon- 
strated conclusively that the diminution of light in 
passing through transparent matter did not follow an 
arithmetic progression. He indicated, in an empirical 
manner, that the actual relationship involved was a 
geometric (exponential) one. Lambert later trans- 
lated the empirical observation of Bouguer into the 
mathematical expression of the law which has come to 
bear his name. 
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The Law of Lambert 


It has been noted by J. C. I’. Zéllner (4), in his critical 
comparison of Bouguer’s and Lambert’s principles of 
photometry, that whereas the treatment of the former is 
predominantly synthetical, that of the latter is truly 
analytical in nature. This is evident in the following 
translation from the German of Ostwald’s (1) version of 
Lambert’s ““Photometria.” 


4866. . . . dispersion of light is accomplished by those hetero- 
geneous particles which are found in greater or lesser number in 
transparent bodies. The particles which capture light along its 
path may be reckoned as hindrances... . 

9867. Light is captured and dispersed in various ways when 
it strikes the surfacé of such particles. Therefore, not all the 
light which enters the medium can pass straight through it. If 
we will investigate the nature of the dispersion, we must first de- 
termine the amount of light which is captured and the amount 
which passes through the medium in a straight line. 

{868. If one visualizes the particle as spherical, then it may be 
seen that only that light will be captured which falls perpendicu- 
larly on the surface of the sphere and whose diameter is equal to 
the diameter of the sphere. The differences in angle of incidence 
influence only the scattering of light, not the amount captured. 

§869. If one assumes that light, when it is in the neighborhood 
of such a particle, sometimes goes past it by virtue of some kind of 
deflection, a further part of the light is scattered, so that this 
light can no longer be considered as belonging to the rest which 
proceeds in a straight line. 

§870. One would have to investigate both of these conditions 
in more detail if he were to consider only a single particle. But 
such a variety of appearances, sizes, and diffraction relationships 
ordinarily occur that a mathematical treatment is next to im- 
possible. Therefore, we shall consider only those cases to which a 
general rule may be applied.” 


In the mathematical treatment that follows, Lambert 
assumes the even distribution of particles throughout a 
given volume. He concludes (874) that ‘the amount 
of captured light is greater, the greater the number of par- 
ticles found within a given volume and the larger the 

surface area of a single particle.” 

' Lambert states the following two theorems in his 
“Photometria” and gives a rigorous mathematical proof 
of each: 


9876. The logarithm of the amount of light which remains 
when light is diminished in passing through a less transparent 
medium is equal to the sum of all the hindrances which the light 
meets on its way, however the hindering particles may be dis- 
tributed in the medium and however crooked the light path may 
be... 

{877. If the particles which capture light are evenly dis- 
tributed, the logarithm of the diminution of the light is equal to 
the product of the opacity of the medium and the length of the 
pathway.” 


Opacity is defined by Lambert as the density of par- 
ticles or hindrances in the medium. 

When Lambert wrote his ““Photometria,” the whole 
literature in the field of photometry consisted of two 
works: Bouguer’s (2) “Essai d’optique sur la grada- 
tion de la lumiére”’ (1729), and “A compleat system of 
optiks” (1738) by R. Smith (6). Smith’s book was 
written in a popular style and had no analytical treat- 
ment of the diminution of light in its passage through 
transparent matter. Bouguer’s work, as we have seen, 
did include a primitive treatment of this subject. 
That Lambert was familiar with both works is ap- 
parent, through his repeated reference to the work of 
Bouguer, and the great similarity between parts of his 
own work and that of Smith. 
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In his ‘Photometrische Untersuchungen,” Zéllner 
(5) attempts to give Bouguer credit for the founding of 
photometry, an act which is contested by Ostwald (/) 
in his critical review of Lambert’s work (Vol. 33, p. 
62 ff.). Zéllner writes of Bouguer (p. 27): ‘With 
conscientious care and scrupulous foresight, he (Bou- 
guer) put forth sensible proofs, which, as an inex- 
haustible supply of ideas, form a taking-off point for 
further speculations without allowing more to be in- 
ferred from observations than should strictly be in- 
ferred.”” Ostwald, on the other hand, says of Bouguer: 
‘he was not able in most cases to carry his general 
considerations through to the attainment of tangible 
results... It is entirely correct that Bouguer did not 
infer more from his observations than he could with 
certainty, but it may be plainly stated that his endless 
considerations led him nowhere. It is characteristic 
of Lambert that for every problem he insisted on giving 
a mathematical solution, even if this required such a 
simplification of conditions that the results assumed 
the nature of an approximation.” 

Thus, through the endorsement of Ostwald, Lam- 
bert has been given credit for systematizing much of 
the early work in photometry, and Bouguer’s work has 
been unduly lost in the annals of history. Current 
interest in the works of Bouguer and Lambert is indi- 
cated by a recent article by Peshkova and Tsyurupa 


(7). 
The Laws of Bernard and Beer 


Although the work of Lambert (4874) revealed to 
some extent the importance of the concentration of 
particles in a transparent medium on the absorption of 
light passing through the medium, it was not until the 
middle of the nineteenth century that the independent 
work of Bernard (4) and Beer (3) indicated the mathe- 
matical relationship involved. 

Bernard was interested in verifying the law attrib- 
uted to Lambert and in determining quantitatively 
the amount of light transmitted by transparent systems 
of different densities. In looking at a white surface 
exposed to rays of sunlight that had passed through a 
tube containing ammoniacal copper sulfate, he ob- 
served that the surface appeared distinctly blue, whereas 
the light reflected against the walls of the tube appeared 
violet. 

Such results were demonstrated more decisively by 
using a convergent lens of great enough diameter and 
short enough focal length to focus rays from the sun re- 
flected by a mirror. These rays were passed through a 
2-cm tube of concentrated ammoniacal copper sulfate 
solution and into a dark chamber. All stray light was 
carefully intercepted. At a white surface placed 
several centimeters from the tube, a brilliant circle 
of blue was observed. When the white surface was 
moved to a distance of 5 to 6 meters, the circle became 
reddish-purple. 

Bernard observed that ‘the intensity of the light in- 
fluences the color sensation, so that the entire spectrum 
is modified, and certain tints may even disappear com- 
pletely.”” Thus, contrary to the belief of most physi- 
cists of Bernard’s time, the wavelength of light alone 
was not enough to define the color. Two rays of the 
same wavelength but of different intensities were 
found to give different colors. 


| 


1er Upon passing light through transparent media other solute. The absorption coefficients determined for the 
of than air, Bernard noted a decrease in the intensity solutions upon passage of red light through the tubes 
(1) of the light due to two effects: (1) reflection from the were the same within experimental error. 
‘?P. surfaces of incidence and emergence of the light, and As pointed out by Pfeiffer and Liebhafsky (9), Beer 
ith (2) absorbance of the light by the media. A transla- used amounts rather than concentrations of absorbing 
yu- tion from the French of the pertinent parts of his ob- material in his work. There is no evidence that he was 
ex- servations on the absorption of light (p. 416 ff.) follows. familiar with an absorption law containing concen- 
‘ If ¢ designates the coefficient of absorption, and e the thick- tration as an explicit : ariable. It = obv ious that he 
_ ness of the medium, the intensity of the light passing through the used length as an inte rmediate variable in correlating 
im- body, excluding reflections from the surfaces of incidence and results obtained at different. dilutions. 
er: emergence, may be expressed by (1 — ¢)*, when the quantity of The work of both Beer and Bernard may be cited as 
ral light = first fundamental to the development of the form of Beer’s 
may also be written a‘, where a is the coefficient of transmission. 
When the light is not homogeneous, experience demonstrates a ognized and us oday. 
10t that the loss of each elementary ray is not proportional to its 
ith intensity; the emergent light is not only weakened in intensity, Summary 
ess but the tint iteelt is changed in nature. Thus bodies which, at a It is of historical interest to note that the familiar 
tic certain thickness, appear to transmit white light without altera- I bert-B ofl 
tion and are colorless, cease to be when their thickness becomes IAW 
ing appreciable. For example, ocean water appears green at slight analysis are based might, equally well be referred to as 
La depths and blue when deeper .... For white light, the quantity the Bouguer-Bernard law. Independent  investiga- 
ved transmitted = Zia‘, where i is the particular intensity of the tion of the absorption of light in passing through trans- 
elementary incident ray, and a is the coefficient of transmission. rent media. and i ticular through colored sol 
m- .... When a body can possess two or more different colors, for — 
| f each of the colors, the coefficient of transmission is greater than tions | of common chemicals in water, led to the rec- 
0 for any of the other colors of the spectrum. The smallest co- ognition in both France and Germany of the laws 
1as efficient corresponds to the color whose intensity is the largest. linking this absorption with the thickness and con- 
ant When one examines, for example, the solar spectrum as it passes centration of the absorbing medium. 
di- through chromic sulfate, green and red alone are transmitted; 
with increasing thickness, the green is distinctly diminished, but . 
ipa the red diminishes very little. The coefficients a and a’ relative Literature Cited 
to the two colors are therefore those which predominate over all (1) Lamsert, J. H., ‘“Photometria, sive de mensura et gradibus 
the others, anda >a’. luminis, colorum et umbrae,’’ Augsburg, 1760. Translated 
sical into the German by E. Anding, ‘‘Lambert’s Photometrie,”’ 
By means of a modified Arago photometer (8) em- W. Ostwald’s Klassiker der exakten Wissenschaften, W. 
to ploying colored glass filters, Bernard observed that a” Engelmann, Leipzig, 1892, Vol. 31-33. 
of direct proportionality existed between the concentra- (2) Bovaver, P., “Essai d’optique sur la gradation de la —< 
of tion of solutions of potassium dichromate and ammonia- Section II. De la transparence et de l’opacité. II. De Is 
| sulfs d th f light absorbed i proportion selon laquelle la lumiére diminué en traversant 
she cal copper su ate and t e amount of light absorbed 1n les milieux,”’ Paris, 1729, p. 44. 
nt passing through each solution. (3) Beer, A., “Bestimmung der Absorption des roten Lichts in 
he- Beer (3), in work only shortly predating Bernard (4), firbigen Fliissigkeiten,’’ Ann. Physik Chem., [2], 86, 78 
also made use of an Arago type photometer employing (1852). 
>. artificial light passed through a dark red filter. He (4) Buawano, F., Thiee our | absorption de la "~~ par les 
milieux non cristallises,’’ Ann. chim. et phys., [3], 35, 385 
ely recognized the proportionality between the amount of (1852). 
ms light absorbed by solutions of copper sulfate, ferric (5) Zottner, J. C. F., “Photometrische Untersuchungen mit 
ce acetate, ferric chloride, potassium ferricyanide, and Riicksicht auf die physische Beschaffenheit der Himmel- 
1a potassium dichromate, among others, and the amount skérper. I. Vergleichende Kritik von Lambert's und 
the Bouguer’s Principien der Photometrie,’’ Leipzig, 1865. 
»b- of solute contamed in the respective solutions. (6) Surru, R., “A compleat system of optiks,"” Cambridge, 1738. 
as In his work, he filled a tube one decimeter in length (7) Pesuxova, V. M., anv Tsyurupa, M. G., Vestnik Moskov. 
‘ed with a solution of copper sulfate containing nine volumes Univ., Ser. Mat., Mekh., Astron., Fiz. i. Khim. 14, No. 4, 
of water to one volume of concentrated solution, and 
by thus having a dilution of 1:9. Similarly, a tube two (8) re . F. J., “Oeuvres completes,’’ Paris, » Vol. 10, 
nd decimeters in length was filled with a solution of 1:19 (9) PFEIFFER, H. G., anv Lresuarsky, H. A., J. Cem. Epvc., 
re- dilution. Both tubes contained equal amounts of the 28, 123 (1951); 30, 450 (1953). 
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Erratum 
me The first table in the article “The Mole and Related Quantities,’’ 
he on page 86 of the February 1961 issue, contained a typographical 
ore error unfortunately missed by proofreaders. The value assigned 
to “O”’ on the ‘New unified scale’’ should read 15.999 instead of- 
15.9999. 
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lL. some cases of acid or base catalysis 
the rate of the reaction depends upon the concentration 
of each acid or base in the solution. This is general 
catalysis. In other cases the rate depends only upon 
the hydrogen or hydroxide ion concentration (or in 
general the lyonium or lyate in concentration), regard- 
less of the concentration of any other acids, or bases, 
which may be present. This is specific catalysis (1). 
The distinction between general and specific catalysis 
can be crucial in studies of reaction mechanism. Sup- 
pose, for example, that studies of an acid-catalysed 
reaction in aqueous solution had suggested two likely 
mechanisms: 1) A proton is donated to a reactant in 
the rate-determining step; 2) The rate-determining 
step involves the conjugate acid of a reactant. This 
conjugate acid is formed to a fractional extent in a 
mobile acid-base equilibrium. Both are mechanisms of 
acid catalysis, but 1) is associated with general catalysis, 
because every acid in the solution is capable of donating 
a proton to the reactant to a greater or lesser extent. 
On the other hand 2) is associated with specific hydrogen 
ion catalysis, because the proportion of the reactant (R) 
converted to the conjugate acid (HR*) will depend upon 
the hydrogen ion concentration, regardless of any other 
acids that may be present, according to the relation 


This aspect of acid-base catalysis, general and specific 
catalysis as criteria of reaction mechanism, has con- 
siderable present-day importance (2). 

To illustrate this theory in a laboratory class, rate 
measurements should be made both on a specifically- 
catalysed and on a generally-catalysed reaction. To 
minimise the time required, physical methods of 
measurement must be used and the reactions must be 
rather fast under the experimental conditions. The 
experimental conditions should be similar; in particular 
the same catalysts in the same concentration should be 
used in each reaction, for then the different patterns 
of results obtained in the two reactions provide a 
greater challenge to the students’ understanding. The 
experiments described here meet these requirements. 


Experiments 


Solutions. Weigh 13.61 g of KH,PO, into a beaker, add 50 ml 
of 1 N NaOH, and make up to 500 ml with boiled-out water. 
This solution, A, is 0.1 M in both H,PO,~- and HPO,~. Prepare 
500 ml of 0.4 M@ NaClin boiled-out water (B). All mixtures of A 
and B have the same ionic strength (0.4) and very nearly the 
same pH (7.0); the concentrations of the general acids and bases 
and HPO,“ are the only significant variables. 


The kinetic runs are carried out in three mixtures of 
A and B such that the concentrations of HPO,- (and 
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H.PO,~) are 0.05 M, 0.025 M, and 0.0125 M respec- 
tively. 


The Mutarotation of Glucose 


This reaction can be followed polarimetrically. 
Weigh 5 g of p glucose into a beaker. Add 50 ml of the 
catalyst solution and stir until the glucose has dis- 
solved. Rapidly fill a 20-cm polarimeter cell and place 
it in position. Take readings every minute at first, 
then at longer intervals until the reaction is 80-90% 
complete. Repeat the measurements with the other 


~ catalyst solutions. The third solution should be left 


in the polarimeter for an infinity reading. Excellent 
first-order plots are obtained even without a thermo- 
statted cell, and the whole series of measurements (other 
than the infinity reading) can be made in an hour. 
Since the reaction is reversible the observed rate con- 
stant is the sum of the rate constants for the forward 
and reverse reactions (3). However the catalyst 
does not affect the position of equilibrium, and the 
forward, reverse, and observed rate constants will all 
vary in the same way with the concentration of 
catalyst. 


The Hydrolysis of Dimethyl Ketal 


CH; 
C + O + 2C.H;OH 
CH; OC:H; CH; 


This reaction can be followed by the change of volume 
in a dilatometer, which should have a capacity of 
80-90 ml and a capillary of 0.5-mm bore graduated in 
mm. Immerse the dilatometer and a flask containing 
100 ml of the catalyst solution for 20 minutes in a 
thermostat at 25°C. Add 0.7 ml of dimethyl! ketal to 
the solution, shake, and fill the dilatometer with the 
mixture. Take readings at minute intervals for ap- 
proximately the time of half reaction, allow an equal 
time to elapse, and then resume readings, again for the 
same period and at minute intervals. The first-order 
rate constant is calculated by Guggenheim’s method (4). 


Results 


Typical results, obtained by the methods described, 
are shown in the figure. The mutarotation was 
studied at 23.4-23.7°C, and the additional point on the 
ordinate refers to pure water as solvent. 

The linear increase in rate with the concentration of 
the phosphate buffer shows that the mutarotation of 
glucose is subject to general catalysis. The relative 
constancy of the rate of hydrolysis of dimethy] ketal in 
these solutions is consistent with specific catalysis. (In 
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Rates of reaction as a function of HPO,~ concentration. Open circles: 
mutarotation of glucose; solid circles: hydrolysis of dimethyl ketal. 


fact there is a slight decrease in rate with buffer con- 
centration. This is a salt effect. The effect is greater 
if the runs are not carried out at equal ionic strength, 
and since higher concentrations of neutral electrolytes 
“salt out” dimethyl ketal it cannot be much reduced.) 


Extensions of the Experiments 


What has so far been described is a skeleton exercise 
which can be supplemented both experimentally and 
theoretically. A few possibilities will be dealt with 
briefly. 

(1) It is desirable to confirm that the hydrolysis of di- 
methyl ketal is a catalysed reaction, and to decide 
whether catalysis is by hydrogen ions or by hydroxyl 
ions. One way to do this is to show by qualitative test- 
tube experiments that hydrolysis is much faster in 
strongly acid solutions, and much slower in strongly 
alkaline solutions, than it is in pure water. The strong 
camphor-like odor of dimethyl ketal can be used 
satisfactorily to determine under which conditions 
hydrolysis has occurred. If such experiments are 
added to the exercise the additional conclusion can be 
drawn that the reaction is specifically catalysed by 
hydrogen ions. 

(2) The results do not distinguish between HPO. 
and H.PO,~ as possible catalysts in the mutarotation 
of glucose. This is a good opportunity to introduce 


the Brénsted relation, which predicts from existing 
data (5) catalytic constants of 1.41 min.~! for base 
catalysis by HPO, and 0.0015 min.—' for acid ca- 
talysis by H2PQO,,~ both at 18°C. (The reason for 
ignoring base catalysis by H.PO,~ and acid catalysis 
by HPO, provides a useful question.) Thus the 
Bronsted relation predicts that the effective catalyst 
in the phosphate buffer is the HPO, ion, functioning as 
a base. The slope in the figure yields an experimental 
value of 2.54 min—! at 23.6° for the catalytic constant, 
of the buffer. 

(3) If the rate determinations are repeated in solu- 
tions similar to the previous ones except that the con- 
centration of H,PO,~ is halved in each case, the results 
for the mutarotation of glucose are the same, within 
experimental error, as those in the figure, showing that 
HPO, is the effective catalyst. The rate constants 
for the hydrolysis of dimethy] ketal are, again within ex- 
perimental error, exactly half the previous values. The 
hydrogen ion concentration in the new solutions is also 
of course half that in the original solutions. This reac- 
tion is therefore specifically catalysed by hydrogen 
ions. If the student is given these additional kinetic 
observations he can reach the conclusions in (1) and (2) 
without more experiments and without applying the 
Bronsted relation. 

(4) Emphasis can be placed on the mechanistic im- 
plications of the results if this is desired. Both reac- 
tions have been discussed in recent papers (6). 
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l. recent years, more and more informa- 
tion has accumulated to show that carbon is not the 
only element which forms cyclic compounds. A self- 
consistent chapter of inorganic chemistry can be written 
on ring compounds involving atoms other than carbon— 
a chapter which may prove as important and interesting 
as those which now systematize coordination com- 
pounds. It is the purpose of this paper to suggest an 
organization of the available information and thus to 
focus attention on this type of regularity among in- 
organic compounds. 

In many cases, identical repeating units occur both 
in low molecular weight cyclic species and in long 
chain, high molecular weight aggregates. A few ex- 
amples will illustrate this fact (1): 


(RBS)3, (ReSi0)3, (PNCl:)s, 
(MePO;) 

(RBS);, (PNCl)z, 
(MePO;);, Sz 


Cyclic low molecular 
weight compounds. 

Corresponding linear 
high polymers. 


Recent reviews (2, 3) on inorganic polymers have been 
concerned mainly with the high molecular weight 
species, the cyclic lower homologs being discussed 
only incidentally. 

A gross classification into mono- and _ poly-cyclic 
systems can be made on the basis of the complexity 
of the cyclic structures. Monocyclic compounds, 
depending on the nature and arrangement of the atoms 
in the rings, can be further sub-divided into three 
classes : 


Homocyclic compounds are those in which the ring systems are 
composed of like atoms. Systems consisting of four, five, and 
six atoms are known. 

“Pseudo heterocyclic’? compounds are characterized by ring sys- 
tems of alternate A and B atoms. In many cases homologs con- 
taining the skeleton (AB); and (AB)s are known, while with the 
metaphosphates, phosphonitriles, and related compounds, exten- 
sive homologous series have been recognized. This class is suffi- 
ciently defined and extensive to be discussed separately. 

“True heterocyclic’? compounds are analogous to the organic 
heterocyclics, in which one or more different atoms are inserted 
into a homocyclic system. 


In the case of polycyclic systems, sub-classification 
is suggested on the basis of the number of common 
atoms between adjacent rings or whether the cyclic 
skeletons are linked by bridging groups. 


Monocyclic Systems 


Homocyclic Compounds. At the present time, this 
class includes compounds formed by silicon, germanium, 
nitrogen, phosphorus, arsenic, sulfur, and selenium. 
Silicon may form both saturated and unsaturated 
six-membered ring compounds such as: 
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Re R 
Si Si 
Rsi SiR 
and || | 
Ri SiRe Rsi Silt. 
Si Si 
R 
(4) (5) 


Tetratomic compounds have been reported for both 
silicon and germanium: 


R:Ge—GeR2 
RSi—Si Re R-Ge—GeR: 
(6) (7) 


Homocyclic phosphorus compounds containing four, 
five, and six atoms are now known: 


O 
\ 
RR 
RP—PR P—P 
RP 
RP—PR \p—p p 
O 
(8) (8) (9) 
while nitrogen and arsenic form the following molecules. 
R 
As 
™, 
RAs AsR RAs AsR 
R—N 
As As 
N=N R R 
(10) (11) (12) 


The well-known six- and eight-membered ring sys- 
tems of elementary sulfur and selenium are also ex- 
amples in this category. 


S—S—S Se Se—Se—Se 
| | | | 
Ss Se Se Se—Se—Se 

Se 


Pseudo-Heterocy-lic Compounds. A wide variety of 
compounds are known which contain six- and eight- 
membered cyclic systems of alternating A and B atoms. 
The best known substances occur when A is boron, 
silicon, germanium, phosphorus, or sulfur, and B is 
nitrogen, oxygen, or sulfur. 


) 
2 5$6+-4 
4 
| 
: 
Be 
we? 
4 


Six-membered cyclic boron compounds based on 
repeating units of B—N, B—O, and B—S are known: 


H R R 
B B B 
HB BH RB BR RB BR 
N O § 
H 
(13) (14) (15) 


In the case of silicon, it is found that cyclosiloxanes, 
silazanes, and silthianes occur both as six-, eight-, and 
higher-membered homologs. This is especially true 
in Si—O system, where many higher homologs have 
been obtained (16): 


R2 Re Re 
Si Si Si 
O O HN NH 
RSi SiR: RSi SiR. RSi SiR. 
O N 
H 
(16) (17) (18) (18) 
RSi—O—SiRz 
| 
O 
RSi—O—SiR» RSi—NH—SiR2 
(16) (17) 


With germanium, cyclic oxides, and probably an 
imide have been prepared: 


Re 
Ge Ge 
| 
GeR- O O 
| | 
O ReGe—O—GeR2 NH 
(139) (20) (19) 


Cyclic phosphorus compounds have been known for 
many years. Phosphorus-oxygen rings are formed in 
the polyhomologous metaphosphates and phosphorus- 
nitrogen rings in the chlorophosphonitriles and their 
derivatives. This latter series of compounds has 
recently been extended to include compounds contain- 
ing up to seventeen P—N units. Some phosphorus 
cyclic compounds are listed below. 


OH O OH O R 
\ Cl. \/ 
P 3 
O O HN NH N N Ss Ss 
O | ime) O: | O | | O | O 
| 
ig Cl.P P 
HO O OH HO sf OH N R § R 
(21) (22) (22, 28) (24) 
O OH 
(21) (22) (22, 23) 


Arsenic containing monocyclic compounds have not 
been recognized as such, but it seems likely that the 
compounds with empirical formulas R—AsO, R—AsS, 
and R—AsNH are cyclic compounds and belong in 
this category. 


R 
RAs—NH—AsR 
| 
O HN NH 
| | | | 
RAs—O—AsR RAs AsR RAs—NH—AsR 
\ 
(25) (26) (27) 


Systems based on alternate sulfur and nitrogen atoms 
have been examined thoroughly in recent years and 
this couple forms probably the widest variety of com- 
pounds (28, 29). Some of these are shown below. 


S-NH—-S O=S—NH—S=O 
| 
N NHN NH HN NH 
| | | | | | 
S-N=S F-S-N=S—F S-NH-S O=S—NH—S=O 
a 
Cl J 
VAN N \ 
OS—-NH-SO, N N  O| | O HN NH 
HN NH CIS SC s S Os so 
| INU AN 
0.8—NH—SO; N No oa NH 


The y or “ice-like’”’ modification of sulfur trioxide is a 
cyclic trimer; recently mass spectrographic methods 
(30) have demonstrated the existence of cyclic trimers, 
tetramers, and pentamers in the vapor of molybdenum 
(VI) and tungsten (VI) oxides: 


Ss Mo 
™. 
O O ° O.Mo—O—Mo0. 
| | | 
SO. O2Mo MoO, oO Oo 
\ / | | 
Oo O:Mo—O—Mo0; 
Oz QW—O—WO:, 
WwW | 
O QO 
oO 


| | 
| O.W—O—W 
O.W wo: 
\ 


O 


Table 1 lists the most important monocyclic com- 
pounds that have been reported. Gaps in this sys- 
tematic presentation suggest compounds which may 
be synthesized or identified by further research. 

True Heterocyclic Compounds. This class has not 
been as extensively studied as the previous one. Some 
sulfur compounds have been identified (28) : 


Ss s 
Mes 
ra) 


In both the siloxanes and the metaphosphates (3/), 
the ring oxygens may be partially replaced by imide 
groups: 
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Homocyclic 
compounds 
Cs; 
Cc, Si Ge, Py 
C, P; Ass 
Ce Sig Ps Ase Se 
Cs a Ss 
ete. 
Pseudoheterocyclic 
compounds 
O B;0; )s Gest ds P36 )3 
N C3N3 SN, GewN, P3N3 S3Ns3 
etc 
BS: ... Sith ... 
C38; SisS3 P;S3 As;S3 


Polycyclic Systems 


Bridged Cyclic Compounds. In these compounds, 
cyclic systems are linked together but there are no 
common atoms shared between the rings. Examples 
of this type are: 


S—S—S N N 
| | | | 
S N-S-N H:N—C 


| 
dss bed vn 
(32) 


(13) 


Spiro-Compounds Compounds in this classification 
are characterized by the sharing of one atom by adjacent 
cyclic systems as in the structure of silicon sulfide 
shown below. 


Re 
si—O O—Si 
O Si O 
Ssi—O O—Si 
Re 
(33) 


Condensed Cyclic Compounds. This class covers 
ring compounds which are linked together by at least 
two common atoms, and contains not only compounds 
with a discrete number of fused ring systems, but also 
many highly polymeric substances. Examples of the 
former case are: 
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Compounds such as phosphorus (III), phosphorus 
(V), arsenic (III), and antimony (III) oxides, together 
with P,O,S,, consist of discrete molecules in certain 
solid modifications or in the vapor state and are also 
included in this class (34). 


As | | 
> ‘o | 
P AS \ 


Similarly, the sulfides P,S; and P,8; (35) and the 
hetero- and iso-polyacids have structures which are 
based on fused ring systems. 

Polycondensation of ring systems in one dimension 
can lead to structures of the “infinite double chain” 
type such as is found in the naturally occurring am- 
phiboles and in a solid modification of antimony (IIT) 
oxide: 


Sb 

Sh 


This process can be repeated in a second dimension 
giving layer structures characteristic of boron nitride 
and many natural silicate minerals: 


B 
N N 
N N N 


ay Rs oO a a 
Ny 
oO Cl-Si Si sI—c! 
H 
(34) 
Table 1 NH: 
B Cc Si Ge P As Sb 
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| 
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C—NH: 
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Compounds such as silica and boron phosphate have 
structures that can be derived from basic monocyclic 
units by three-dimensional polycondensation. 

We should mention that this is by no means an ex- 
haustive listing of all the known cyclic inorganic com- 
pounds. At the present time, rapid advances are 
being made in the elucidation of the chemistry of the 
known ring compounds and new methods of prepara- 
tion are being sought. Undoubtedly within a few 
years, a greater variety of these compounds will be 
recognized. 

A classification of this type proves most useful in 
systematizing compounds consisting of a limited num- 
ber of ring systems. Since comparisons can now be 
made, based on reactivity, structure, and other prop- 
erties, the compounds are recognized as being similar. 
On the other hand, many inorganic highly polymeric 
substances seem to arise by polycondensation of simple 
cyclic units and so can be included in the general scheme, 
but the general properties of these substances make 
similar comparisons very difficult. 
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l. is often! explicitly stated, but far 
more frequently implied, that adsorption is always an 
exothermic process. This is tantamount to saying that 
adsorption is always accompanied by a decrease of 
heat content or that an endothermic adsorption cannot 
occur. Such conclusions are belied both by observed 
fact and by modern views on the role of adsorption 
in heterogeneous catalysis. In the following discussion, 
for convenience, it is tacitly assumed that by adsorption 
is meant adsorption from the gas phase on a solid ad- 
sorbent. 

The justification generally produced for the state- 
ment that adsorptions are always exothermic is a ther- 
modynamic one: Since the Gibbs free energy, F, must 
decrease for any spontaneous process, and since ad- 
sorption is one such process which is always accom- 
panied by a decrease in entropy (the number of degrees 
of freedom in the adsorbed state being less than the 
number in the gaseous state) then, according to 


AF = AH — TAS (1) 


AH must always be negative; i.e., adsorption is always 
exothermic or, as is customary to express it in this 
field, the heat of adsorption is , ositive. 

For the vast majority of adsorptions no error is 
introduced by employing this argument. It may well 
be that the argument applies invariably to physical 
adsorptions where it can be shown, using equations 
derived from statistical mechanics, that even when the 
adsorbed species is supermobile, the entropy of a species 
in the adsorbed state is always less than the entropy 
in the gaseous state (/). In view of this, it is not sur- 
prising that endothermic physical adsorption has never 
been reported. 


Endothermic Chemisorptions 


For certain chemisorptions, however, there is in- 
controvertible evidence that endothermic processes 
have been observed. In the dissociative chemisorption 
of molecular hydrogen on glass, a process which re- 
quires considerable activation, the heat of adsorption 
is approximately —15 kcal mole! (2, 3). Again, 
the heat of adsorption of hydrogen on a metal surface 
is drastically reduced, and may even become negative 
(AH positive), if the surface is contaminated; e.g., the 


Suggestions of material suitable for this column, and guest 
columns suitable for publication directly, are eagerly solicited. 
They should be sent with as many details as possible, and par- 
ticularly with references to modern textbooks, to Karol J. Mysels, 
Department of Chemistry, University of Southern California, 
Los Angeles 7, California. 

1 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of errors discussed will not be cited. To be presented 
the error must occur in at least two independent standard books. 
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The Existence of Endothermic Adsorption 


dissociative chemisorption of molecular hydrogen on 
an iron surface contaminated with sulfide ions is endo- 
thermic (3, 4). 

There are at least three other cases of chemisorptions 
where endothermicity is strongly suspected. (1) 
Trapnell has suggested (5) that, very often, where 
chemisorption on clean evaporated metal films is not 
observed at temperatures up to 0°C, the chemisorption 
is, in fact, endothermic. Typical examples are mo- 
lecular hydrogen on copper, silver, gold, and cadmium; 
molecular oxygen on gold, and carbon monoxide on 


_ wine (5). (2) Zwietering has noted (6) that the ex- 


change reaction 
+ = 2 HD (2) 


and the para-ortho hydrogen conversion are both cat- 
alyzed by strongly dehydrated aluminium oxide at 
temperatures as low as —80°C. The fact that in 
neither case was there measurable adsorption of hy- 
drogen on the catalyst has been interpreted (3) as 
evidence for endothermic dissociative chemisorption 
of hydrogen. (3) deBoer, in reviewing the energetics 
of endothermic chemisorption (3), concludes that for 
both the silver-oxygen and the copper-oxygen systems 
the high value of the work function of the metal makes 
it likely that the adsorption of O.~ ions, for which there 
is evidence, is endothermic. 

Detailed potential energy diagrams depicting endo- 
thermic chemisorption for many of the above-men- 
tioned systems are already available (3). However, 
the following discussion may prove useful; its prime 
aim is to account for the absence of endothermic phys- 
ical adsorptions and the existence of endothermic chemi- 
sorptions. 


Positive Entropy Changes Can Occur 


The entropy change is always negative when physical 
adsorption occurs, since this is essentially a condensa- 
tion process analogous to liquefaction on the absorbent. 
This is so because the number of degrees of freedom of 
the adsorbed species is less than the number it possessed 
prior to adsorption, and because the entropy of the 
absorbent is unaltered, since there is no chemical inter- 
action. (This may not be entirely correct—see below.) 
Chemisorption differs from physical adsorption in that 
it is not merely a surface condensation but a surface 
reaction involving the rupture and creation of chemical 
bonds. In the same way that some chemical reactions 
are endothermic, so also it may be expected that some 
surface reactions (chemisorptions) can be endothermic. 

In endothermic adsorption the entropy of adsorption 
not only must be positive, but the TAS term must also 
exceed numerically the AY term as shown in equation 
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(1). This conclusion may prove difficult to explain 
physically in view of the popular notion that the entropy 
of adsorption is always negative. The fallacy of the 
last statement, and the reality of positive values for the 
entropy of adsorption, are brought out by envisaging the 
following hypothetical system which is useful for heu- 
ristic purposes: A molecule, Ao, is dissociatively chemi- 
sorbed on the surface of a solid, MW; consider strength 
of the M-A bond equal to half that of the A-A bond. If 
the adsorbed atoms, A, have complete two-dimensional 
mobility, it would then follow that a positive entropy 
change, AS, would result, corresponding to a net gain 
of one degree of freedom, and the free energy change 
accompanying this thermally neutral process would be 
equal solely to the TAS term. 

Positive values for the entropy of adsorption are 
more likely 1o originate, however, not in the increase 
in entropy of the species adsorbed—it is only in rather 
exceptional cases, such as the above hypothetical ex- 
ample, that the entropy of the adsorbed species will 
in fact increase—but in the change in entropy of the 
adsorbent itself. Thus, during chemisorption even 
if, as is likely, the entropy of the species adsorbed de- 
creases on adsorption, (due largely to reduction in the 
number of degrees of freedom) this decrease may be 
exceeded by a concomitant increase in the entropy of 
the absorbent. This, in turn, will lead to endothermic 


chemisorption if the TAS term is greater numerically . 


than the AF term. 

The possibility of endothermic chemisorption was 
not considered early in the growth of‘surface chemistry, 
probably because there has been a persistent tendency 
until very recently to attribute the observed total 
entropy of adsorption to the adsorbate only, i.e., to 
ignore entropy changes emanating from chemical 
changes in the surface condition of the adsorbent. 
This constitutes a serious omission. We recall the 
early work of Bangham and his associates, whose in- 
vestigations showed (7, 8) that, upon reduction of the 
surface free energy of charcoal and coal by the chemi- 
sorption of gases, the solid expands by amounts of the 
order of 0.5% in one dimension. Such dimensional 
changes will, of course, contribute to the observed 
total entropy of adsorption. More recently, for other 
systems, Zettlemoyer (9) has emphasized that the con- 
tribution of the entropy change which the adsorbent 
itself undergoes on adsorption can be exceedingly large. 
Another important demonstration that a solid surface 
is significantly altered during adsorption is contained 
in the work of Yates (10, 11). The !atter showed that 
when nonpolar gases such as argon, krypton, and oxy- 
gen are adsorbed on porous silica glass at liquid air 
temperatures, expansion of the adsorbent occurs. It 
is, in fact, estimated (71) that the expansion occurring 
when a monolayer of argon is adsorbed at 90°K cor- 
responds to an entropy change of roughly 4 cal deg=! 
mole~'. These results are remarkable since the ad- 
sorption is a physical one, as evidenced by the small 
heat of adsorption (AH = —2.23 kcal mole—! at half 
coverage for argon at. liquid air temperatures). So 
even for physical adsorption it is not absolutely correct 
to state that the adsorbent is inert and undergoes no 


entropy changes, though the ensuing error is likely to 
be very small. 

The endothermic or negative heat of adsorption dis- 
cussed above should not be confused with negative 
net heat of adsorption which was first observed (12, 13) 
as early as 1927. By net heat of adsorption is meant 
the difference between the heat of adsorption and the 
latent heat of condensation. Graham (1/4) has dis- 
cussed fully the reasons why negative net heat of ad- 
sorption occurs in terms of the entropy of the adsorbed 
phase. 

Summarizing, it may be said that in all adsorptions 
entropy changes due to surface-structural changes in 
the adsorbent itself must be considered along with the 
entropy changes of the adsorbate. In physical ad- 
sorption, the contribution of the first of these two 
entropy changes to the total entropy change is always 
likely to be insignificant compared to the contribution 
of the second (though further investigations alone can 
establish this unambiguously). In chemisorption, how- 
ever, there is ample evidence already available to show 
that the entropy change due to surface structural 
changes in the adsorbent contributes significantly to 
the total entropy of adsorption. Whenever the positive 
entropy change due to adsorbent surface changes ex- 
ceeds numerically the negative entropy change due to 
loss of freedom of the adsorbate, the net entropy of 
adsorption is positive. Failure to recognize this has 
led to serious error when using equation (1) to arrive 
at the sign of the heat of chemisorption. This, in 
essence, is why endothermic chemisorption has been 
discounted until very recently, though its existence 
should be considered as normal as the existence of 
endothermic solution. 


Acknowledgment 

I wish to express my gratitude to Professor Karol 
J. Mysels for advice in the preparation of this paper; 
to P. H. Emmett for a useful suggestion; and to Pro- 
fessor Stanley Peat, F.R.S. for his interest in this work. 


Literature Cited 


(1) C., “Advances in Catalysis,’ Vol. II, p. 233, 
1950. ° 

(2) Lenr, J. J., AND DEBorER, J. H., Z. Physik. Chem., B22, 423 
(1933). 

(3) pEBorr, J. H., ‘Advances in Catalysis,’’ Vol. IX, p. 472, 
1957. 

(4) peBorr, J. H., “Advances in Catalysis,’’ Vol. VIII, p. 17, 
1956. 

(5) Trapnett, B. M. W., “Chemisorption,’’ Butterworth, 
London (1955), p. 61. 

(6) ZwiETERING, P., unpublished work cited in references (3) 
and (4). 

(7) Bancuam, D. Faknoury, N., Mouamen, A. F., 
Proc. Roy. Soc., A147, 152 (1934). 

(8) Bancuam, D. H., anp Maaas, F. A. P., ‘Conference on the 
Ultra-Fine Structure of Coals and Cokes,”’ p. 118, 1944 
(London: British Coal Research Association Committee). 

(9) ZerrLemoyeEr, A. C., Chem. Revs., 59, 942 (1959). 

(10) Yates, D. J. C., Proc. Roy. Soc., A224, 526 (1954). 

(11) Yates, D. J. C., “Advances in Catalysis,’’ Vol. IX, p. 481, 
1957 

(12) Cooper, A. 8., J. Am. Chem. Soc., 49, 708 (1927). 

(13) Keyss, F. G., anp Marsuat, M. J., J. Am. Chem. Soc., 49, 
156 (1927). 

(14) Granam, D., J. Phys. Chem., 60, 1022 (1956). 


Volume 38, Number 3, March 1961 / 139 


1S 
») 
a 

mn 
)- 

n 
2) 
it 
n 
iS 
n 

1S 4 
re 

r, 
1e 

i- 

al 

of 

d 

1e 

r- 

ut 

al 

1S 

1e 

mn 

30 

mn 4 


C. J. G. Raw! 
University of Minnesota 
Minneapolis 


Many elementary textbooks of physi- 
cal chemistry? discuss the question of chemical equi- 
librium in a reacting mixture of imperfect gases in terms 
of the fugacity, but no attempt is usually made to 
correlate the equilibrium constant with the equation of 
state of the gas. It will be pointed out here how this 
may be done in a very simple, general manner suitable 
for inclusion in an elementary course. This will lead to 
a better appreciation of the relation between equi- 
librium constants in gases and the deviations from gas 
ideality. 

The fugacity of the 7" component of a gas mixture 
is a quantity entirely equivalent in meaning to the 
activity. It is defined’ by: 

wi = wi? + RT In p;* (1) 
where yu; is the chemical potential (u;° refers to an arbi- 
trary standard state), p;* is the fugacity, R is the molar 


gas constant, and 7 is the absolute temperature. If the 
gases react according to the equation: aA + bB 


+...=mM + ..., then the thermody- 
namic equilibrium constant is: 

- . . 

(pa*)(pa*)? . (2) 


_ In the limiting case of low pressures, the fugacity be- 
comes equal to the partial pressure of the gas, and we 
find the corresponding relations for ideal gases: 


wi = wi? + RT In pi | (1’) 


where p; is now the partial pressure of component 7. 

Let us now extend the above to include explicitly 
the equation of state of imperfect gases in equation (2). 
First of all, we shall write the equation of state in the 
general virial form: 


where B(T), C(T), ... are the second, third, .. . 
virial coefficients, which are functions of temperature 
only. These virial coefficients are related by statistical 
mechanics to the forces between the gas molecules. 
The word “virial’’ is derived from the Latin far “force.”’ 

Now, it is shown in most textbooks? on chemical 


B(T) 
+ 


Cr) 


(3) 


1 The author is indebted to Professor Bryce Crawford, Jr. for 
making it possible for him to spend a year at the University of 
Minnesota. Present address: Saint Louis University, 1402 
South Grand Boulevard, Saint Louis 4, Missouri. 

2 See, for example, Moors, W. J., ‘Physical Chemistry,’’ 3rd 
ed., Prentice-Hall, Inc., New York, 1957. 

3See, for example, Guasstong, S., “Thermodynamics for 
Chemists,’ D. Van Nostrand Co., New York, 1947. 
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thermodynamics or physical chemistry that the fu- 
gacity is given by: 


. ) dp 
In p* = In p + fi or 1 > (4) 
Inserting eq. (3) in the integral of eq. (4), and ignoring 
terms involving the third and higher virial coefficients, 
we arrive at the following relation: 
3 
In p* = + (5) 
If we now take the logarithm of the equilibrium con- 
stant as given by eq. (2), and if we insert eq. (5) for each 
pi*, we have: 
In K = mIn + py* +... —aln pa* — b In 


(pu)™(py)" . BAT) pi _ 


Bipi 
reactants, RT (6) 


Using equation (2’) in equation (6), 

In K = Ink, + (7) 
The terms involving summation in equations (6) and 
(7) do not explicitly show the stoichiometric coeffi- 
cients; i.e., reactants 7 and products j need not be all 
different in these equations. 

If the second virial coefficients of the individual 
(gaseous) reactants and products at the temperature T 
are known, equation (7) may be used to evaluate the 
accurate thermodynamic equilibrium constant at the 
temperature 7' from the “ideal gas” equilibrium con- 
stant in terms of the partial pressures. Equation (7) is 
not new to the student of statistical thermodynamics,‘ 
but its introduction in the simple manner here outlined 
makes it possible to acquaint the elementary student 
with an important and useful equation in the thermo- 
dynamic theory of gas equilibria. If greater accuracy is 
desired, the higher virial coefficients could be considered, 
but very few extensive and accurate measurements of 
the higher virial coefficients have been made and their 
inclusion is thus hardly justified. As is well known, the 
deviations from gas ideality are best given in terms of 
the second virial coefficient, and much accurate equa- 
tion of state data have been accumulated and written in 
this form. It is consequently of importance to know 
how to use the virial coefficient data directly in the 
study of equilibria involving imperfect gases. 


4 Fow er, R. H., anp GuGGENHEIM, E. A., “Statistical Ther- 
modynamics,’’ Cambridge Univ. Press, 1949. 

5 HIRSCHFELDER, J. O., Curtiss, C. F., anp Bren, R. B., 
“Molecular Theory of Gases and Liquids,’’ John Wiley & Sons, 
Inc., New York, 1954. 
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Equilibrium Problems 


I. the typical introductory analytical 
chemistry course, it is conventional to spend consider- 
able time treating problems in ionic equilibrium. Such 
problems have long been used to help students under- 
stand the acid base titrations and precipitations en- 
countered in the analytical laboratory. 

Equilibrium problems can be made to serve an addi- 
tional purpose if a certain type of approach to them is 
used. The more complex problems provide a con- 
venient introduction to the use of approximations in 
simplifying complicated mathematical expressions, a 
technique which the student will find very useful in more 
advanced courses in both physics and chemistry. 

One possible approach to equilibrium problems is 
described in this paper. The general method used is 
to set up enough equations relating the v&rious con- 
centrations present to define the system completely 
and then to use the student’s experimental knowledge 
to make approximations which simplify the equations. 
A series of examples of increasing difficulty is used to 
illustrate this approach. 

If the solution under consideration contains only a 
slightly dissociated solvent (water) and fully dissociated 
solutes (strong acids or bases and their soluble salts) 
only one equilibrium need be considered, namely 


(H+]-(OH-] = Kw = 


(As is conventional, the hydrated proton is desighated 
H+.) There are, however, two concentrations to be 
considered, even in pure water, and so we must obtain 
another independent equation relating them in order to 
solve for their values. Such a relation is obtained by 
specifying that the solution be electrically neutral; 
that is, that the number of positive charges be equal to 
the number of negative charges 


[H+] = [OH-] 
Combining these two equations gives simply 
[H+] = (OH-] = VKw = 107 


which is a well known result. The emphasis here is 
placed not on the result, but on the use of the electro- 
neutrality principle to obtain a second equation relating 
the two concentrations of interest. 

This principle is easily extended to include solutions 
of completely dissociated acids or bases, as is illustrated 
by the following example: Find [H+] and [OH~] ina 
10-* M and a M solution of H,SO,. Assume 
complete dissociation of the acid.* 

# There are three concentrations, [H+], [OH~], and 


* Actually, H2SO, dissociates in two steps; the dissociation 
constant for HSO,- being about 10-%. For simplicity in this 
example complete dissociation is assumed. 


An Approach to Complex 


(SO,-), so we must have three relations between them: 
solvent equilibrium: [H*] (OH~] = Aw = 107" 


electroneutrality: = [OH-] + 2 [SO,7] 
mass balance: [SO,"] = C, = 107% or 1077 


Note that the sulfate ion has two charges, so that in the 
electroneutrality relation (which is a charge balance) we 
must multiply its concentration by the number of 
charges. Note also that the mass balance says simply 
that all the sulfate ion present came from the sulfuric 
acid, whose “‘analytical concentration” is Cy. 

Consider now the case where Cy = 10-* M. The 
solution will be quite acid, so that (H*) is much larger 
than [OH~-]. This means that we can approximate 
the electroneutrality condition by neglecting [OH~] 
compared with [H*]: 

=2 [SO,7] 


Substituting from the mass balance, [H+] = 
2 X 10-%, and using the solvent equilibrium we cal- 
culate [OH-] = 5 X 10-'*. We immediately see that 
our approximation was excellent. It is important to 
emphasize that we can neglect a small concentration 
only when it is added to or subtracted from a large con- 
centration, never when it occurs in multiplication or 
division. 

Turning to the case where Cy = 10~7 M we see that 
we cannot make the simplification that we did before, 
since the solution is nearly neutral. The electro- 
neutrality condition becomes on substitution for 
(SO."), ; 

{H*] = [OH-] + 2 x 107 


substituting in the solvent equilibrium for [H*], we ob- 
tain a quadratic equation in [OH~]: 


[OH-]? + 2 x 10-7 [(OH-] — 10-" = 0 


solving this by the quadratic formula gives [OH~} = 
4.1 X 10~* and substitution in the water equilibrium 
gives [H+] = 2.4 X 10-7. It can be readily seen that 
all three concentrations are approximately 10~7 molar 
and so none can be neglected. 

A crucial question now arises: suppose we had made 
the approximation that [H*] is large compared to 
[OH~-] and used the approximate electroneutrality 
relation obtained in the first part of the problem. How 
would we know whether it was applicable or not? The 
simplest answer is to use the approximation: 


[H+] &2[SO,-] =2 x 107 
and note that [OH~] = 5 X 10-* when calculated using 
this result. The approximation can be seen to be poor, 


and in fact on comparison with the exact solution can 
be seen to introduce an error of about 20%. 
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All of the essentials of the method have been illus- 
trated by this simple example. They may be sum- 
marized in general terms as follows: 


1. Set up expressions for all the independent equilibria in- 
volved in the system concerned. 

2. List all the concentrations of interest. These must in- 
clude all concentrations in the equilibrium expressions, and may 
also contain additional species (such as Nat, NO;~, ete.) which 
are present but do not react. 

3. If the ions of the solvent are involved in the equilibria 
(acid-base systems) set up the condition for electroneutrality. 

4. Use mass balance relations to obtain enough independent 
relations to define the system completely. The total number of 
concentrations should be equal to the total number of relations. 

5. Make as many approximations in the mass-balance and 
electro-neutrality relations as is consistent with your qualitative 
chemical knowledge of the system. In particular: Neglect 
[OH~] compared to [H*] in acid solutions; neglect [H*] com- 
pared to [OH~] in basic solutions; assume precipitation or 
complex formation reactions go to completion, etc. 

6. Solve the approximate equations. 


7. Check the results obtained by the approximate method to 
see if they are consistent with the approximations within a reason- 
able limit of error, say 5%. Discard those approximations which 
are not valid and if necessary re-calculate the results. 


Illustrative Applications 


Calculate [Pb+*], the concentration of lead ion in 
gram-ions per liter, for a saturated solution of PbCl, in 
water and for a saturated solution of PbClz, in 0.05 M 
NaCl. 

The equilibrium considered here is the solubility of 
lead chloride, which is described by the solubility 
product (at room temperature) 


[Pb**] [Cl-]? = 1.8 x 10-4 


Since the ions of water do not affect the equilibrium 
they need not be considered. In the pure water solu- 
tion, only Pb++ and Cl~ ions need be considered; the 
electroneutrality relation gives 


2 [Pb*+] = [Cl-] 


Alternatively, this relation can be considered to be a 
mass balance: For each mole of precipitate that dis- 
solves, one mole of lead ion and 2 moles of chloride ion 
are formed. Hence the concentration of chloride is 
twice that of lead. Substitution in the solubility 
product gives 4 [Pb++]* = 1.8 & 10-4, or [Pb++] = 
0.036. 

When sodium chloride is added, [Cl~] is increased, 
and hence [Pb++] decreases. A precise statement of 
this is provided by including the concentration of 
sodium ion in the electroneutrality condition 


2 [Pb**] + [Na*] = [Cl-] 


Alternatively, this can be considered to be a mass 
balance on chloride ion: All the chloride ion in solution 
comes either from NaCl or from PbCl.. The concentra- 
tion of sodium ion is simply the concentration of NaCl, 
0.05, and the result may be substituted in the solubility 
product relation to give 


[Pb++] {2 [Pb*+*] + (0.05)}* = 1.8 x 10-4 


[Pb++] will be smaller than the value obtained for 
pure water, 0.036, which would indicate that the two 
terms in the brackets are nearly the same size. We can 
solve this cubic equation by using Newton’s method of 
approximating roots: If an approximate root Xo of 


142 / Journal of Chemical Education 


f(X) = 0 is known, a better approximation is given by 


where f(Xo) is the function evaluated at Xp» and f’(Xo) is 
the’ derivative evaluated at Xo. It is convenient to 
make X approximately unity, so let us set [Pb*++] = 
0.01X; then our cubic equatien is 


f(X) = 6.25 X — 45 =0 


Its derivative is 
S'(X) = 10X + 6.25 


Evaluating at Xo = 3.6, f(Xo) = 89.0, f’(Xo) = 81.2, 
giving X,; = 2.50. A second approximation, using 
= 17.4, = 50.0, gives = 2.15. A third 
approximation, using f(X.) = 1.4, f’(Xe) = 41.6, gives 
X; = 2.12, which is close enough. Thus the saturated 
solution of PbCl, in 0.05 M NaCl has [Pb++] = 0.021. 

Please note that if the usual approach to a ‘“ccommon 
ion” problem had been used, that is to set [Cl-] = 0.05, 
we would have calculated [Pb+*+] = 0.072, which is 
larger than the value for the saturated solution in pure 
water. Although the mathematics is more difficult, 
the inclusion of an occasional problem in which the 
usual approximations are not valid is often sufficient to 
make the student realize that not all problems can be 
classed into standard types. Such problems as this, 
which involve the solution of higher degree equations 
where an approximate root is known, serve to introduce 
the sudent to Newton’s method, which may prove very 
useful to him in later work. 

2 ml of 0.04 M NH,CI are mixed with 1 ml of 0.01 M 
NH;. Calculate [H*). If the solution is diluted to 30 
liters, what is [H*]? 

Two equilibria are involved here; the ionization of 
water and the dissociation of aqueous ammonia: 


{H*] [OH-) = Ky = 10-" 


(NH,*] 


= = 
[NH] Ky = 1.8 X 10 


The electroneutrality relation is 
({Cl-] = (/s) (0.04) = 0.0267) 
{H*] + [NH,*] = [OH-] + 0.0267 
A mass balance on NH; gives 
[NH;] + [NH,*] = 0.0033 + 0.0267 = 0.0300 


This gives us four equations relating the four concentra- 
tions. The solution will be basic, so we may make the 
approximation that [H+] is small compared to [OH~], 
and neglect it in the electroneutrality relation. An- 
other approximation, which may not be as good, is to 
neglect [OH~] compared to [NH,*+] because an excess 
of NH,Cl is present, and because the ionization constant 
is small compared to unity. 

The electroneutrality relation then gives simply 
[NH,+] = 0.0267, and the mass balance gives [NH;] = 
0.0033. Substituting these values in the dissociation 
constant gives [OH~] = 2.25 X 10~*, which shows that 
the second approximation was valid. (If it had not 
occurred to us to make this approximation, we could 
have solved the quadratic equation in [OH~] obtained 
from these same relations, and obtained the same 
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result.) The ion product of water gives [H+] = 
4.45 X 10-*, which shows that our first approximation 
was also valid. 

When the solution is diluted from 3 ml to 30 liters, a 
factor of 104, the concentrations of NH; and NH,*+ be- 
come comparable to those of OH~ and H+. The elec- 
troneutrality relation is then 


{H+] + [NH,*+] = [OH-] + 2.67 x 10-6 
and the mass balance gives 
(NH;] + [NH,+] = 3.00 x 10-6 
This last equation may be solved for [NH;] and sub- 
stituted in the dissociation constant expression yielding 


5.4 x 1071 


+) = 
[NH,*] {OH-] + 1.8 x 10-5 


This may be substituted in the electroneutrality relation 
along with [H+] = Ky/[OH~] to give a cubic equation 
in [OH~] 
+ §.4 x. 10-" 
{OH-] + 1.8 x 1075 


Setting [OH-] = 10-7 X and reducing the above gives 
X* + 207 X?2 — 600 X — 180 = 0 

We expect X to be slightly larger than unity, since no 

matter how much we dilute the solution [OH~] cannot 

be smaller than 10~’ molar. A good approximation, 


then, is to neglect the X* term, and solve the quadratic 
remaining 


= [OH-] + 2.67 x 10-* 


X? — 2.9 X — 0.87 = 0 


which gives X = 3.17 (Newton’s method on the cubic 
gives a more precise root to be 3.12). Thus we see 
that [OH-] = 3.2 X 10-*, whence [H+] = 3.1 10-*. 
From the expression for [NH,*], we find on substitution 
for [OH-] that [NH,+] = 3.00 x 10-; from the 
ionization constant expression with these values for 
and [NH*], we find [NH;] = 5.3 

Note that the cubic term is negligible in this case 
because [OH~] is small compared to the ionization 
constant, 1.88 xX 10-°. Note also that whereas the 
ammonia present was only slightly dissociated in the 
concentrated solution, it is almost completely dissoci- 
ated in the dilute solution. 

The first part of this example can be treated ade- 
quately by the usual methods for ‘‘buffer problems,” 
but in the very dilute solution, the approximations 
made in the conventional treatment break down. The 
conventional method would predict that [OH~] was 
independent of dilution, whereas it changes by a factor 
of 10 on diluting the solution by a factor of 10‘. 

100 ml of 0.4. M, NaCl are added to 100 ml of a solution 
containing 1.2 X 10-4 moles AgNO; and 3 X 10~‘ moles 
NaS20;3. Calculate the amount of AgCl precipitated. 

There are two equilibria involved in this system; a 
solubility product 


[Ag*t] [Cl-] = 1.2 x (1) 
and an instability constant 


[Ag*] 


~ (2) 


govern them. Since there are five unknown quantities, 
inciuding the amount of AgCl precipitated, we need 
three more relations. For convenience in setting up 
the mass balance relations, we define P to be the number 
of moles of AgCl precipitated per liter of solution. The 
actual number of moles precipitated in this case is 
0.2P since the total volume of solution is 200 ml. A 
mass balance on silver gives 


[Ag*] + [Ag(S:O3)e-3] + P = 6 x 10~* (3) 
A mass balance on thiosulfate ion gives 
[S037] + 2 [Ag(S20;)2-3] = 1.5 x 1073 (4) 


Finally, a mass balance on chloride ion gives 
[(Cl-] + P = 0.2 (5) 


Before proceeding further, we might enquire whether 
AgCl precipitates at all. To find this out, we set 
P = 0 and see if the solubility product of AgCl is ex- 
ceeded. From (5) with P = 0, [Cl-] = 0.2. Since 
there is an excess of thiosulfate present and the in- 
stability constant is very small, we make the approxi- 
mation that [Ag+] is small compared to the concentra- 
tion of the complex. Then (3) gives us [Ag(S20;).~*] = 
6 X 10-4. Finally, (4) gives us [S.0;-] = 3 X 10~. 
Substituting these values in (2) gives us [Ag*] = 
6.67 X The product [Ag*][Cl-] is 1.33 K 10—"° 
which just exceeds the solubility product, 1.2 X 10-", 
showing that AgCl will precipitate, but incompletely. 

Even if precipitation of silver ion were complete, we 
can see from (3) that P cannot be larger than the total 
amount of silver present, 6 X 10-*. Hence P can be 
neglected compared to 0.2 in (5). Then by (1), with 
[Cl-] = 0.2, [Ag+] = 6.0 X 10-". This shows us 
that [Ag+] can be neglected compared to the other 
terms in (3), giving 

= 6 x 10-* — P 
substituting this expression in (4) gives 
[S.0,-] = 3 x 10-*+ 2P 


Finally, substituting in (2) and simplifying gives the 
quadratic 
4 P? + 1.37 x 10° P — 1.0 x 107% +0 


which may be solved to give P = 7.5 X 10~*%. The 
actual amount of AgCl precipitated is 0.2 P = 1.5 X 
moles. 

Note that if no AgCl had precipitated, we would have 
been unable to obtain a positive real root for the quad- 
ratic. 


Summary 


It is well to emphasize the guiding principle of this 
method: exact expressions are obtained describing the 
equilibrium system, and approximations made on these 
exact expressions. A definite effort should be made to 
avoid the use of approximate reasoning to derive the 
desired expressions. 

This method of approach to equilibrium problems 
should encourage the student not to memorize “‘type 
problems” and to develop his scientific reasoning ability. 


~+ + 
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William M. MacNevin 
Ohio State University 


A Laboratory Practical Examination 


in Quantitative Chemistry 


A. unsatisfactory feature of the usual 
plan of supplying unknowns for students in quantitative 
analysis is that the instructor is unable to tell the stu- 
dent the correct value after the student has made his 
determination. This arises from the common system 
followed in most university and college laboratories of 
maintaining stocks of unknowns from each of which 
several student samples are given out each year and for 
the number of years that the stock lasts. Instructors 
generally agree that if correct values are given out, 
knowledge of the probable correct values soon becomes 
general among the students and the stock must be dis- 
carded before it is completely used. The maintenance 
of stock samples over a number of years also requires 
special care in order to maintain uniformity and sta- 
bility of the values considered to be correct. 

Because of these features, it is valuable to have one or 
more experiments in which it is possible to prepare the 
samples for the whole class with a high degree of relia- 
bility and to use them promptly after preparation, and 
then to give the student the correct result with his grade. 
A table of the class results and a distribution curve can 
be prepared, from which the student can recognize his 
own results and compare himself with the class. 

These objectives have been reached in this laboratory 
by the use of a “Practical Exam.”’ The examination 
is so planned that it can be completed in one of the 
regular class meeting periods. A date is set well ahead 
by which time the student must complete all prepara- 
tions and become thoroughly acquainted with the re- 
actions. This plan lends itself only to volumetric 
analysis and to those samples which are solutions. The 
samples are given out at the beginning of the class 
period, the instructor and assistants are present to give 
normal assistance, the calculations are completed, and 
reports are handed in at the end of the period. This 
plan is not new; it was first encountered by the writer 
in use in the laboratory of the late Professor Gregory 
Paul Baxter at Harvard. 

There are a number of other features of the plan. 
They are: 


The student results provide an over-all check of all measure- 
ments and operations in the experiment. A highly correct result 
indicates a high degree of probability that calibrations have been 
correctly done, that pipet and buret operational techniques are 
good, that the student’s sampling technique is good, and that he 
has developed familiarity and confidence in carrying out the 
reactions. 

Students can see for themselves how reliable they are by com- 
parison with their associates. They are impressed generally by 
the high degree of excellence of a large number of the class. Con- 
versely, those who are less capable or who have been careless or 
inefficient have it brought home to them in a forceful way by 
seeing their results among the rest. 
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Students find they can perform three or four titrations and the 
calculations much more rapidly than they thought they could. 
Their normal working speed and their self-confidence increase 
noticeably after a “practical’’ exam. 

The preparation for a “practical’’ adds a certain amount of 
challenge which most students seem to meet with enthusiasm 
and some pleasure. 

The stock from which the student samples were prepared is 
used only in the one “‘practical’’ so that the correct student values 
apply only for the one exam. Hence, no accumulation of files 
of correct values is possible. 


The results reported here on a recent ‘“‘practical’’ 
exam in this laboratory were obtained with the Fajans 


- method for the titration of chloride.!| Other experi- 


ments have been used with corresponding success. 
This one was selected partly for its simplicity in opera- 
tional features, which led us to expect a high degree of 
manipulative accuracy, and also because the end- 
point in the hands of beginners is sometimes trouble- 
some. This experiment is designed so that, barring 
accidents, the precision should be about one part per 
thousand. 

The practical exam was carried out with a class of 33 
sophomore chemistry majors. Students were required 
to hand in clean, dry, labelled glass stoppered bottles 
the day before’ the exam. Calibration corrections on 
pipet and buret were supposed to be correct +0.03 
ml. The volumetric flask was marked at 500.0 ml 
+0.1 ml. Weights used in preparing standard silver 
nitrate solutions were adjusted to +0.1 mg and the 
balances used allowed an accuracy of 0.1 mg in weigh- 
ing. Temperature corrections were made by the 
student for differences in temperature in the 0.1 NV 
silver nitrate solution between the times of preparation 
and use of the solution. Students were required to 
report the normality of their unknown solutions for 
30°C, a temperature somewhat above that of the 
laboratory, and were thus required to make tempera- 
ture corrections. All student calculations of normali- 
ties were checked before the results were tabulated. 

As preliminary preparation, a large volume (18 
1) of approximately 0.090 N sodium chloride solution 
was prepared in a large glass carboy, mixed thoroughly, 
and allowed to stand at room temperature for 24 hr. A 
delivery pipet of about 200-ml delivery volume was 
constructed with a three-way stopcock at its lower end. 
The single arm was attached to the bottom of the pipet. 
One arm on the two-arm side of the stopcock was con- 
nected via a syphon tube to the sodium chloride bottle. 
The second arm was drawn out to a buret tip. An 
aspirator bulb fitted to the sodium chloride bottle 
allowed application of pressure as needed. 

C. W., Moyer, H. V., anp MacNevin, W. M., 


“Quantitative Chemical Analysis,’’ McGraw-Hill Book Co., Inc., 
New York, 1951, p. 373. 
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Table 1. Type of Data Tabulated (Volume of Stock Solution = 203.19 ml) 
Student Calculated N Error in 

Student Volume H.O Dilution normalities Calculated N for normality 

no. added (ml) factor 30°C for stock* student sample units 
2 2.00 0.9903 0.08957 0.09045 0.08941 +0 .00016 
0.08953 0.09041 +0.00012 
5 6.00 0.9713 0.08774 0.09033 0.08769 +0.00005 
0.08766 0.09025 —0.00003 
8 9.00 0.9576 0.08642 0.09025 0.08646 —0.00004 
0.08643 0.09026 —0.00003 
14 17.00 0.9228 0.08335 0.09032 0.08332 +0 .00003 
0.08325 0.09021 —0.00007 
21 24.00 0.8944 0.08065 0.09017 0.08076 —0.00011 
0.08065 0.09017 —0.00011 
" 28 32.00 0.8638 0.07812 0.09043 0.07800 +0.00012 
0.07814 0.09045 +0.00014 
e >> 48 values (12 shown here) = 5.23686. 
f Mean of 58 values = 0.09029 + 0.00015. 

Before use, the delivery pipet was carefully cali- by the students is 0.00015. Observation of the fre- 
is brated and found to have a delivery volume of 203.19 quency distribution shown in Table 2 indicates nearly 
8 ml at 20°C. This volume is needed in subsequent equal distribution on either side of the mean value, 
“ evaluation of results. A 50-ml calibrated buret was 0.09029. Dropping out an equal number of highest 

also needed for the addition of known volumes of and lowest results has no detectable effect upon the 
si water to a-constant volume of sodium chloride solution. mean. The use of the mean as the “correct’”’ value 
s The uncertainty in this measurement (+0.02 ml) is for grading purposes is supported by the relatively 
- enough less than the error made by the student, that large number of results that correspond to the mean and 
. it can be neglected. Errors in the dilution factor are are not different from it by more than 0.00010 normality 
- small and are in the next decimal place. Other errors units. The use of the mean as the “correct” value is 
f involved in the preparation of student samples are also supported by the results of careful analysis of the 
- mechanical, such as misreading the buret during addi- stock by a staff member who obtained the six values, 
- tion of measured volumes of water, and are avoided 0.09030, 0.09032, 0.09029, 0.09032, 0.09030, and 
4 by maintaining careful records and by using a second 0.09028. 
r person in the work at this point. Temperature varia- 

tion in the stock solution during the period of removal Table 2. Frequency Distribution of Results (Median = 
3 and dilution of the stocks is nil. 0.09029) 
4d Table 1 shows partial data taken in the preparation Range Number of results 
s of several of the samples, the volumes of water added 0 .08974-0 08983 , 
n to 203.19-ml portions of the stock solution, normalities 0.089840 .08993 1 
3 reported by students (at least two, but not more than ore canoe : 
i three), dilution factors, normality of original stock 0 09014-0 09023 10 
r calculated from each student result by application of 0.090240 .09033 13 
eB the dilution factor, the average normality of the original 0 .09034-0 .09043 11 

0.090440 .09053 8 

, stock solution based on 58 results by 29 students, the 0 090540 09063 2 
e “correct” value for each of the student normalities 0 .09064-0 .09073 0 
y calculated by applying the dilution factor to the aver- 0.09074-0 09083 es 
a age found for the stock solution, and the absolute 
D error for each student titration in normality units. The calculations required of the instructor, which 
r Eight normalities reported by four of the 33 students appear laborious, take no more than one hour if a 
e in the class were completely out of the range, repre- mechanical calculator is used. In the preparation of 
, sented gross errors, and were not included in the tabula- samples, it is realistic to prepare several samples more 
. tion of data. than needed in order to provide for accidental breakage, 

The “correct”? value for the original stock solution spillage, etc., during the exam. 

3 is taken as the average of 58 student values, 0.09029. These results’show that the use of five place log- 
a The average deviation of the mean of 58 values for arithms is justified even though the experimental design 
; the stock calculated from the 58 normalities reported is only to one part per thousand. 
2 An undergraduate student was emptying a bottle of copper sulphate into the sink. Suddenly he 
a realized that he was facing his teacher. : 
The teacher retorted, ‘‘Why are you wasting the wealth of your country, young man?”’ 
r “Sir,’’ the student replied, “I am adding to the mineral resources of my country.” 
JASWINDER S. CHADHA 
University oF DELHI 
INDIA 
Volume 38, Number 3, March 1961 / 145 


‘ 


William Vasilakes! 
Science Research Associates, Inc. 
Chicago, Illinois 


The students begged to get into the 
laboratory—at noon, after school, and on Saturdays; 
they grumbled when the bell rang at the end of the 
period. Even the mediocre students found some in- 
terest and excitement in chemistry. They were re- 
sponding to an adaptation of a different method of 
identification analysis.2 The traditional qualitative 
analysis separation scheme, with solutions of cations or 
anions, requires much time in preparation for the 
laboratory work. Frank’s method offers a simple way 
to work with solid unknowns and to avoid the difficulties 
presented by the traditional scheme. Its simplicity 
makes it ideal for use in high school; only three class 
periods of lecture-demonstration prepare the students 
for six or seven uninterrupted weeks of analytic work 
in the lab. 


The Method 


A solid wheat-grain-sized sample is taken from the 
stockroom bottle and is subjected to six starting tests: 
(1) physical inspection, (2) ignition test, (3) flame test, 
(4) action of water, (5) action of dilute sulfuric acid, 
(6) action of concentrated sulfuric acid. 

The starting tests give clues to the presence of both 
the cation and the anion in the solid sample compound, 
~ and these clues enable the student to guess at the 
identity of the compound. The guess is confirmed by 
use of specific tests. 

The method is flexible because the number of cations 
and anions in pure samples can be varied; mixtures, 
traces, and alloys can be analyzed; a variety of tech- 
niques involving spot tests, spectroscopy, chroma- 
tography, and the traditional separation scheme can be 
incorporated in the starting tests or in the confirmatory 
tests. 

The method exemplifies the scientific approach to 
problem-solving in that the student gathers data from 
observations, formulates hypotheses based on the 
data, tests hypotheses, and draws conclusions. In 
practice, the student often enters blind alleys and must 
retrace his steps. If he is careless, he will miss im- 
portant clues during the observational stage, and he 
will not discover his error until he tests his unwarranted 
hypothesis. 

In spite of the simplicity of the six starting tests, there 
is a formidable amount of knowledge for the student to 
learn. Not only must he learn how to conduct the 
tests, he needs also to interpret the results to guess the 
identity of the cation and the anion. Four of the seven 
weeks are used for instruction. The identification of 12 


1 Science teacher in Fertile, Minnesota, at the time of this 
investigation, 1956-57. 
2? Frank, Ricuarp, J. Cuem. Epuc., 34, 383 (1957). 
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Solid Sample Identification Analysis 
in High School Chemistry 


unknowns was the goal to be reached during the seven- 
week unit. 

Four weeks seems a short time in which to give the 
student the practical and theoretical knowledge he needs 
for analytic work, but the following schedule gave 
adequate results: 


Three consecutive classroom periods (55 min each) of lecture- 
demonstration of the six starting tests, general instructions, lab 
procedure, and overview. 

Ten consecutive periods in the lab gathering data on the char- 
acteristics of cations and anions in known compounds subjected 
to the six starting tests. 

Three consecutive periods on trial analysis of three unknowns, 
locating and using confirmatory tests, and writing up the report. 

Fifteen consecutive periods for identifying 12 unknowns by use 
of starting tests and confirmatory tests. 

Five periods of additional analytic work—to finish up or to 
explore other areas of analytic work. 


The Orientation Lecture-Demonstration 


An overview and pep-talk lecture was given the first 
day. On the second and third days, demonstrations of 
the six starting tests were accompanied by a running 
commentary that emphasized how to do each test, what 
to look for, how to keep notes in a permanent notebook, 
and safety precautions. The six starting tests were 
described as follows: 


Physical inspection of the solid sample. Obtain wheat-grain- 
size sample by shaking small amount onto a bit of clean paper. 
Examine for color, size, and shape of particles, luster or dullness, 
hardness, brittleness, hygroscopic, odor. 

Ignition test. Show how to place a sample in the bottom of a 
tube. Gradual introduction of tube to the heat of the flame, 
examination of contents between stages of increased heating. 
Waft possible odors from tube toward nose, look for release of 
water of crystallization, melting, sublimation. Note comparative 
melting points, amounts of water driven off, strength of odor 
released. Crackling or popping. Litmus test if moisture is 
present. 

Flame test. Prepare nichrome (or platinum) wire with glass 
handle. Clean wire by immersion in concentrated HC] and flame. 
Pick up a bit of the sample with clean wire and introduce the 
sample to reducing and oxidizing flames. Use cobalt glass; 
note color, volatility, intensity, and duration of flame. 

Action of water. Note cold water solubility using small 
amount of water at first and adding more if solubility seems 
negligible. Heat slowly until sample dissolves or until boiling 
point is reached. Demonstrate how to heat tube and its con- 
tents to avoid spattering. Waft fumes toward nose. Test with 
litmus. 

Action of dilute sulfuric acid. Check for solubility and for 
evolution of gases. Waftodor. Note color changes. 

Action of concentrated sulfuric acid. May result in exothermic 
reactions, color changes, evolution of gases. Check solubility 
with careful heating. Heat to point short of SO. fumes. (This 
might be demonstrated with a small amount of chlorate. Hanga 
clean white cloth near the test tube and deliberately heat to 
spatter hot sulfuric acid onto the cloth. The noise, and immedi- 
ate and irreparable damage done to the cloth will encourage care- 
ful handling of the concentrated acid. ) 
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Systematic Examination by Students 


The systematic examination of compounds began 
with submitting known compounds to each of the six 
starting tests. Permanent records were entered in 
a notebook by each student. 

They began with sodium compounds containing 
anions of chloride, iodide, nitrate, sulfate, carbonate, 
chlorate, sulfide, and phosphate. The stockroom 
bottles were placed on a shelf accessible to all students. 
Compounds of potassium containing the same array of 
anions as were presented in the sodium compounds were 
placed on another shelf. Then in sequence, as the 
students finished with one set of compounds, compounds 
of copper, nickel, iron (II) and (III), ammonium, 
calcium, strontium, barium, lead, and zinc were set 
out—all containing as many of the anion components 
as were available in the stockroom. By the end of the 
second week, the students had subjected about 60 
different compounds to the six starting tests. 


The identifying characteristics, given with the six 
starting tests, were easy to detect for the cation because 
the student could observe any given cation through a 
sequence of five to seven compounds, depending upon 
the number of available anions. But isolating the 
identifying characteristics of the anion was more 
difficult because any given anion was observed inter- 
mittently—two or three days apart. A student might, 
for example, note the brown fumes given by ignition of 
sodium nitrate; he would not see the brown fumes again 
until he ignited the potassium nitrate two or three days 
later. 


A group discussion session was held to pull together 
the information about anions. The students compared 
notes, agreed upon the most dependable identifying 
characteristics of each anion and entered them on one 
page of the notebook—one page for one anion. 


The Confirmatory Tests 


By the end of the two-week period, all the students 
had finished subjecting the list of known compounds to 
the six starting tests. They were ready for unknowns, 
but they had to learn to find, use, and interpret con- 
firmatory tests for specific cations and anions. 

Three unknowns were set out. Easily identifiable 
samples were used to insure success. Each unknown 
was subjected to the six starting tests. By referring to 
their notes on the characteristics of the cations and 
anions, the students were able to guess at the identity 
of the unknowns. 

For example, a persistent, intense, orange flame test 
suggests the sodium ion. The evolution of gases upon 
the addition of dilute sulfuric acid suggests the car- 
benate ion. Is the unknown sodium carbonate? The 
confirmatory tests will tell. 

Ten copies of a college qualitative analysis book were 
available. The students searched for specific tests with 
which to substantiate or refute the hypotheses. Their 


work would have been easier if directions for the neces- 
sary tests had been listed for them; but this was not 
done because this is the place to ask students to use 
their intelligence. To provide cook-book procedures 
negates one of the major values of the analytical work. 
After the initial struggle with the more sophisticated 
language, the students did quite well. 

A written report on the identity of any one of the 
three trial unknowns was required. It included the 
notes taken of the results of the six starting tests, the 
hypothesis, the confirmatory tests, and the conclusion. 


Identification of 12 Unknowns 


The experience with the confirmatory tests, although 
brief, gave the students the means by which they eagerly 
approached the “‘real’”’ unknowns. 

The starting tests provided a substantial basis for the 
hypotheses, but they were not entirely reliable. For 
example, the chloride ion ought to be indicated reliably 
by the solubility in water test and by the evolution of 
chlorine fumes when heated in concentrated sulfuric acid. 
Yet, a number of students missed both results in the 
starting tests and guessed the presence of the sulfate ion. 
The confirmatory tests pointed up the error. 

The element of doubt arising from the need for very 
careful observations in the starting tests and from the 
complexity of the confirmatory tests kept the students 
in suspense, but they seemed to enjoy it. 

There were few errors in identification and these were 
made by careless students. Sulfate and chloride ions 
were mistaken for each other, as were sodium and 
potassium. 

The seventh (final) week allowed the slower students 
to finish the unknowns. The students who had finished 
by the end of the sixth week could explore other exten- 
sions of analytical work. Most of the students con- 
tinued with new cations and anions. Others tried com- 
plex materials. 


Evaluation and Conclusion 


The enthusiasm of the students, the ease of ad- 
ministration, the versatility, the opportunity to work 
with individuals who had distinct problems, the short 
preparation time, and the logical coherence of this 
empirical approach to analytic chemistry all make its 
value apparent. 

The method does much more than present, in an 
interesting way, a large number of facts that are easily 
forgotten. The students learned something about 
science as a process—a way of thinking and of doing. 

For example, the fallacy of “blue crystals” meaning 
copper sulfate was exploded by issuing the anhydrous 
salt as an unknown. Another was the use of both 
powdered lead sulfide and the much different appearing 
galena crystals as unknowns. In both cases, the 
students, every one of them, reported the identity of 
the compounds accurately; they had learned to trust 
the. confirmatory tests. 
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Joseph S. Schmuckler 
Haverford Township High School 
Havertown, Pennsylvania 

and Irwin Siegelman‘ 
University of Pennsylvania, 
Philadelphia 


Wins does the high school chemistry 
teacher answer to questions such as ‘‘What does a 
chemist do?” and “What is the difference between the 
work of a chemist and that of a chemical engineer?” 
The best answer a teacher can give is “Go and see.” 
This answer means little, though, if the student is left 
to his own endeavors. It is a challenging invitation 
to an exciting experience for the student if it can be 
implemented by an established program of cooperative 
visits to chemical laboratories. 


Vacations” in the Laboratory 


Such a program has been in operation between 
Haverford Township Senior High School and the 
various chemical industries and medical institutions of 
the Philadelphia area for the past seven years. During 
this time 184 students have spent part of either their 
Christmas or Easter vacations observing and/or work- 
ing in 17 different laboratories. The Philadelphia 
Section of the American Chemical Society not only 
lends its support to this program, but, for a while, at- 
‘tempted to broaden it through its own Student- 
{ndustry Subcommittee. Each year senior students 
from the chemistry classes of the school volunteer to be 
placed in some industrial or medical laboratory to 
observe first-hand what the chemist does. The choice 
of the laboratory is made on the basis of the student’s 
interest: analytical chemistry, chemical engineering, 
nursing, medicine, etc. Usually no student is allowed 
to participate more than once in the program. This 
is due to the great enthusiasm among students for the 
program and the limited number of openings in it. 

At its inception, the cooperative program failed in 
some cases to meet the students’ needs. These cases 
involved situations in which bright students were 
assigned to observe laboratory technicians at work. 
Often, the technician was unable to explain the basic 
nature of the research work involved, a consequent 
source of intellectual frustration to the student. Such 
situations have been minimized through the efforts of 
the teacher and the participating institutions. 

The mechanics of the cooperative program are ob- 
vious, but also time-consuming for the teacher. Con- 
siderable reciprocal correspondence between the teacher 
and the laboratories takes place long before each visit. 
Personal contacts, by phone or interview, may then 
follow to complete the necessary arrangements and 


1 Chairman, pro tempore, Chemical Education Group, Phila- 
delphia Section, ACS. 
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The Chemistry Student and 
the Chemical Industry 


A cooperative program 


commitments. If a laboratory agrees to participate in 
the program it assumes several responsibilities. Pri- 
mary among these is the assignment of a student, 
wherever possible, to a research chemist. Some labo- 
ratories have been able to place as many as four students 
under this stipulation. In some cases, it may be nec- 
essary to assign more than one student to one chemist. 
However, the program is far more effective if a single 
student can have the undivided attention of the chemist 
to whom he is assigned. The chemist agrees to a 
constant supervision of the student, and, most signifi- 
cantly, to set aside time for talking with his charge. 
During such time the chemist formalizes his previous 
informal discussions with the student at the laboratory 
bench, instructs the student in other aspects of chemis- 
try or chemical engineering or allied fields, and counsels 
the student on educational or career opportunities. 
Finally, the host laboratory is invited to report on the 
student visitors, and to forward suggestions which 
would improve the program. 


"Real Chemistry with Real Chemists” 


Experience has shown that the host laboratories not 
only fulfill their formal obligations to the program but 
contribute significantly beyond them. In most cases, 
for example, the student is encouraged to participate 
directly in the work at hand. Seemingly minor aspects 
of an operational procedure, such as particle counting 
through a microscope or controlling a distillation tem- 
perature, become “doing chemistry” for the student 
and are invaluable assets to the success of the program 
and the attitude of the student. Genuine friendship 
between the chemist. and his visiting student has de- 
veloped repeatedly. The chemists often continue con- 
tact with both students and teacher in concern over 
the students’ progress. In some cases, a host labora- 
tory has donated needed equipment for the school 
laboratory. 

The student assumes important obligations when 
he volunteers for the program. It is expected that he 
will learn as much about his placement situation as 
possible during his stay. A visit may last from one 
day to a full week. At the conclusion of the visit the 
student is required to write a formal report on his 
experiences, a copy of which is sent to the host labora- 
tory. 

Finally, the teacher must maintain a close super- 
vision of the program. In addition to the pre-visit 
correspondence, among which should be a letter of 
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introduction of the student which will give the host 
laboratory an idea of the background and interests of 
its charges, the teacher should maintain contact during 
the visit. This has always been accomplished by a 
trip to the laboratory and has served several purposes. 
The teacher can observe his students and suggest, 
perhaps, new lines of approach which the student 
might take in his attempt to learn all he can about his 
placement situation. The teacher also establishes a 
personal contact with a professional chemist, a mutually 
beneficial situation in most cases; the teacher learns 
something of the new developments in the field; and 
the chemist learns of some of the problems attendant to 
the teaching of high school chemistry. 

The results of this program have been heartening. 
The chemists who have been involved have been most 
enthusiastic in their continued support of it. As has 
been noted, some follow up the progress of the young 
men and women with whom they have been associated. 
The teacher has found an increased motivation and 


confidence among the participating students. More- 
over, their infectious enthusiasm spreads to their 
classmates who give more thought to sacrificing a 
school vacation to learn first-hand what a chemist does. 

The success of such a program can only be measured 
in terms of the participating students themselves. 
Two typical comments are: ‘This excursion did me 
good in that it showed where my interests in chemistry 
really lie. This will affect my choice of a college. 
I’m glad I discovered it now.” And “Altogether, I 
was impressed with the tremendous scope in chemistry. 
There is so much to learn, and so much to do; but I 
am sure now that I want to learn it and do it.” 

The authors feel that this program has been most 
successful and worthy of continuance and expansion. 
If the high school chemistry teacher has been able to 
motivate his better students into considering chemistry 
as a career, a program of this nature is of invaluable 
aid to the student in his attempt at making a judicious 
decision. 


W. H. Reinmuth 
Columbia University 
New York City 


models have been 
used successfully to illustrate the principles of electro- 
metric and voltammetric processes.'? Their value as 


teaching aids lies in the fact that they present the rela- 


tionships between parameters of interest in a graphical 
rather than in an algebraic form. This seems to lead to 
easier assimilation by the student. Moreover, several 
techniques can often be represented using the same 
model. Thus the common basis of the techniques and 
their differences become immediately apparent. These 
factors make the graphical approach particularly ad- 
vantageous in the discussion of electrodeposition. 

Some instructors in instrumental analysis follow the 
historical development of the field and present electro- 
deposition very early in the discussion of electrochemical 
methods. However, in our experience, the student is in 
a much better position to appreciate the subtleties of 
the methods after he has been exposed to polarography. 


1 Reriiey, C. N., Cooks, W. D., anp Furman, N. H., Anal. 
Chem., 23, 1226 (1951). 
2? Remnmutu, W. H., Anal. Chem., 32, 1509 (1960). 
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Three-Dimensional Representation 
of Electrodeposition 


The discussion begins with the observation that the 
conditions prevailing in a cell during electrolysis are 
similar at any time to those in a polarographic cell. 
In stirred solution, the relation between deposition 
current and electrode potential is the same as in the 
polarographic one. For reversible deposition, this 
takes the form 


where £ is the electrode potential measured with respect 
to an unpolarized reference potential; H°’ is the formal 
standard potential for the couple; 7, the limiting cur- 
rent controlled by the rate of mass transfer; 7, the cur- 
rent at potential Z; n, the number of electrons involved 
in the reduction; 8, the mass transfer coefficient de- 
pendent on the rate of stirring, cell and electrode ge- 
ometries, diffusion coefficient of the reducible species, 
and the like; R, 7, and F have their usual thermody- 
namic significance. 

The difference between the polarographic and dep- 
osition processes lies in the fact that in the latter case 
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the currents are large enough to change the concentra- 
tion of metal ion in solution. The current-potential 
relationship therefore changes with time and instead of a 
two-dimensional line becomes a three-dimensional sur- 
face of the type depicted in Figure 1. As the concen- 
tration of metal ion in solution decreases so also does the 
limiting current plateau. The decomposition potential 
(potential at which current is zero) simultaneously 
shifts to more cathodic values. The system during 
deposition can be represented by a point constrained 
to move on the surface of Figure 1. For purposes of 
discussion it is helpful to include the plane ABC in the 
figure. This plane represents the onset of a second 
electrode process such as plating of a second metal or 
decomposition of the solvent. 


\ 


% 
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Figure 1. Current-potential-concentration surface for 
deposition of insoluble metal obeying the Nernst equa- 
tion (units of axes arbitrary). 


In principle, the system can be forced to move over 
the surface in any random fashion. In practice, how- 
ever, it is fruitful to consider three simple possibilities: 
electrolysis at constant current, constant applied volt- 
age, and constant electrode potential. The tendency in 
texts has been to suggest only two possibilities: ‘‘con- 
stant current” and constant potential. Unfortunately, 
the case often termed constant current is in fact gener- 
ally the case of constant applied voltage. 

Constant current electrolysis. As the name implies, 
the current is invariant with time. The technique 
can be represented by the intersection of the system 
surface with a plane parallel to the base (zero current) 
plane. Figure 2a depicts the situation. The system 
moves along the intersection between plane and surface. 
At some point during the electrolysis the potential be- 
comes sufficiently cathodic that the second electrode 
process can occur. From this point on an increasing 
fraction of the current is devoted to the second process. 
In the particular case represented in Figure 2a the 
second process begins when deposition is only fifty 
per cent complete (at point X). If this is undesirable, 
the situation can be alleviated in several ways: one of 
these is to increase the rate of mass transfer to the 
electrode by more vigorous stirring; a second is to 
decrease the current; a third is to increase the electrode 
area. All of these procedures in effect bring the inter- 
secting plane closer to the zero current plane. In 
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Figure 2. Models of various types of deposition: A, constant current; 
B, constant voltage; C, constant potential. 


general, however, it is difficult to avoid the second reac- 
tion and still have the first proceed at a reasonable rate. 
This is the major disadvantage of the constant current 
method. 

Constant voltage electrolysis. At this point it is 
necessary to divide the total voltage applied to the cell 
into its component parts. Part of the applied voltage 
is opposed by the back-electromotive force at the elec- 
trodes, the remainder by the ohmic potential drop due to 
the passage of current through the resistance repre- 
sented by the cell plus external circuitry, that is, 


V=E-ik 


where V is the applied voltage, F the electrode poten- 
tial, and 7, the current. When the current is zero, the 
potential is equal to the applied voltage. However as 
the current increases, the cell potential becomes less 
cathodic. If the voltage be held constant, the electrol- 
ysis process can be represented by the intersection of 
the system surface with a slanted plane. The inter- 
section of the plane with the zero current plane is on the 
line V = E and its slope is the resistance of the circuit. 
There are two sub-cases, one in which the applied 
voltage is greater than the potential required for the 
second electrode process and the other in which it is 
less. The former case is depicted in Figure 2b, and 
the behavior of the system is seen to be qualitatively 
similar to that at constant current. In the latter 
case, the second reaction does not occur but this ad- 
vantage is achieved at the cost of diminished current 
at any time and hence longer time for complete elec- 
trolysis. 

Constant potential electrolysis. If the cathode poten- 
tial is maintained at a constant value, the process is 
represented by the intersection of the system surface 
with a plane parallel to the zero potential plane, as in 
Figure 2c. Under these conditions the deposition 
process reaches maximum efficiency. Firstly, the 
reaction occurs at its maximum rate, i.e., the system 
point is always on the limiting current plateau. Sec- 
ondly, the potential can be maintained at a low enough 
value that the second reaction cannot occur. This 
efficiency is achieved only at the cost of complicated 
instrumentation or continuous manual adjustment of 
the applied potential. 

It should be pointed out that these possibilities are 
the ideal ones. In actual electrolyses there are many 
complicating factors: the anode potential, cell re- 
sistance, activity coefficients, and the like may change 
with time; the apparatus may not give constant poten- 
tial, voltage or current. However, with the simplest 


possibilities and their interrelations firmly in mind, the . 


student is in a position to appreciate the effects of the 
complications. 
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—_ in man’s understanding of 
photosynthesis has been reviewed briefly in Tuis 
JOURNAL by Kind (1) and Calvin (2) in recent years, 
and in 1959 I endeavored to bring the record up to 
date (3). I should like to mention the results of some of 
the efforts that have been made since then to learn 
more about this important process and to outline some 
promising areas of investigation. 

Classically, photosynthesis has been defined as the 
process by which green plants use the energy of light to 
convert carbon dioxide and water to carbohydrate (or 
sugars) and oxygen. The present knowledge of the 
process of photosynthesis indicates that a substantial re- 
vision of this definition is in order. We would still say 
that light energy is used to split water to produce oxy- 
gen and reducing power (and perhaps other energetic 
cofactors). However, these cofactors are then used to 
reduce carbon dioxide not only to sugars and other car- 
bohydrates, but also to all of the materials which are 
required in the total synthesis and replenishing of the 
chloroplast itself. In other words, it now appears that 
the photosynthesizing chloroplast is rather a self- 
sufficient entity, capable of producing all of the pro- 
teins, fats, enzymes, and other materials required for its 
own continued existence. 

Of course the chloroplast does produce organic mole- 
cules which are “exported” to the cytoplasm in the rest 
of the plant and are used there for various biosynthetic 
and energetic purposes. In return, the chloroplast 
depends upon the rest of the cell for the provision of a 
suitable osmotic environment and perhaps for sus- 
tenance during periods of darkness. 

Tolbert (4) has made some progress in learning what 
the principal “exports” of the chloroplast are. When 
he allowed isolated chloroplasts to photosynthesize 
with carbon-14 labeled carbon dioxide, he found that the 
products excreted from the chloroplast to the medium 
are glycolic acid and (to a lesser extent) sugars such as 
sucrose and perhaps some amino acids. No doubt in 
the intact living cell there may be other important ex- 
ports as well. 

For some time the structure of chloroplasts has been 
the subject of investigation by electron microscopy (4). 
These studies showed the chloroplast to be composed of 
layers, or lamina, of lipids and other materials. More 
recently, sublaminar particles, roughly spherical or 
oblate-spherical in shape, have been the subject of such 


The preparation of this paper was sponsored by the U. S. 
Atomic Energy Commission. 


New Aspects of Photosynthesis 


studies. Attempts to correlate biochemical activity 
with various substructures of the chloroplast appear 
very promising at the moment. It has been thought 
for some time that the laminar structures, which un- 
doubtedly contained arrays of chlorophyll molecules, 
are involved in, and in fact are necessary for, the con- 
version of light energy and also perhaps the subsequent 
splitting of water to oxygen and some hydrogen carrier 
or reducing power. It now appears from the studies by 
Park that the enzymes of the synthetic pathways which 
reduce carbon dioxide are also associated with some 
organized structure in the chloroplasts (6). Thus, the 
chloroplast takes on the aspect of a highly organized 
factory at the microscopic level, capable of channeling 
energy and materials into carefully controlled amounts 
of a great variety of finished products. 

This channeling of energy and matter unquestionably 
involves not only the specificity of the enzyme systems 
but the complexity of the geometrical structure of the 
whole chloroplast. We should not lose sight of this in- 
tegrated whole if we now attempt to discuss various as- 
pects of photosynthesis one at a time. 

It is usually convenient to consider photosynthesis in 
two general stages. The first is a photo stage, in which 
light is absorbed and converted to chemical energy and 
in which water is split in some way to produce oxygen 
and reducing power. At the same time other energetic 
cofactors such as adenosine triphosphate (ATP) are 
formed. Then there is a synthesis stage, in which these 
energetic cofactors (reduced cofactors) are used to 
bring about the reduction of carbon dioxide, as well as 
nitrates, phosphates, sulfates, and other materials, to 
sugars, fats, proteins, and all the other products of 
photosynthesis. 


Problem of Energy Transfer 


The photo stage of photosynthesis is an example of 
biochemical conversion of one form of energy, in this 
case electromagnetic, to another form, which in this 
case is chemical. Such processes have been notoriously 
resistant to the efforts of scientists. 

Classical methods of organic chemistry and photo- 
chemistry have given us long ago the structure of 
chlorophyll and provided much information about its 
photochemistry in solution. An examination of the 
absorption spectra of chlorophyll in vivo suggests that 
the in vitro studies may not tell us much about how the 
energy might be transferred in living organisms. It has 
been necessary, therefore, to turn our attention to more 
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complex systems, such as occur in solid state physics or 
in semi-solid state living systems. 

Attempts are made to measure whatever physical 
properties are available for measurement in such com- 
plex systems and to correlate these properties with the 
effects of light (7). For example, studies of the produc- 
tion of unpaired electrons by electron spin resonance 
technique (8, 9) have indicated some interesting possi- 
bilities for the conversion of energy by way of unpaired 
electron species and free radicals. Studies of photo- 
conductivity in model layered systems may also pro- 
vide information as to how energy is transferred from 
one point to another and converted from one form to 
another (10). 


One possible theory, based upon the assumption of an 
orderly array of chlorophyll molecules in the laminar 
structure (17) and upon the physical-chemical studies 
(12), suggest that energy conversion is accomplished by 
the transfer of an electron from the excited chlorophyll 
molecule to some acceptor substance. 


Very careful quantitative studies of the evolution of 
oxygen during photosynthesis as a function of the wave- 
length of light, particularly at the longer wavelengths, 
have produced some interesting results (13, 14). 
It was found that light of two different wavelengths, 
one of which was a long wavelength, could act coopera- 
tively to produce more photosynthesis than could the 
same amount of light if it were all of one wavelength. 
These studies indicate that light may be used in two 
different steps. 


It may be that light of the longer wavelength contains 
enough energy to bring about one kind of step in the 
primary conversion process, but not enough energy to 
bring about the other step. Thus, when light of the 
shorter wavelength, and hence greater energy, is added, 
the net result of the two is a greater rate of photosyn- 

_ thesis than could be accomplished if all of the quanta of 
light were of the longer, and hence less energetic, wave- 
length. Perhaps two different kinds of electron transfer 
to or from the pigment molecule are involved. 

The transferred electron ultimately must be passed 
on to an oxidized form of a cofactor, triphosphopyridine 
nucleotide (TPN *), to convert it to the reduced form of 
the nucleotide, TPNH. We do not know how many 
steps there may be in this electron transport. Several 
of the cytochromes which are known to be involved in 
oxidative electron transport are present in the chloro- 
plasts. Plastoquinone is another compound readily 
susceptible to oxidation and reduction (15, 16). These 
compounds have been found to be either reduced or, in 
some cases, oxidized during photosynthesis. Quite 
possibly they could play a role in electron transport 
during photosynthesis. 

The difficulty is in knowing whether or not these com- 
pounds are involved in electron transport between the 
primary photochemical conversion act and _ triphos- 
phopyridine nucleotide, or whether they are involved 
instead in the secondary electron transport between 
triphosphopyridine nucleotide and either oxygen or 
some intermediate resulting from the splitting of water. 

Another important part of the photo step of photo- 
synthesis is, of course, the splitting of water. The pig- 
ment which might transfer an electron to some acceptor 
would then have to find another electron, eventually 
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from water, in order to return to its normal state. 
Kessler (17) has suggested that manganese plays an im- 
portant role in this process which lies between the 
splitting of water and the evolution of oxygen. Many 
theories of photosynthesis postulate some form of per- 
oxide as an intermediate resulting from the primary 
splitting of water and the final evolution of oxygen. 
Manganese is believed to be involved in the formation or 
decomposition of this peroxide. 

Recently, Tanner (/8) has shown that manganese 
changes its oxidation state photochemically as observed 
by electron spin resonance studies of a characteristic 
manganese ESR pattern. Tanner also sees further 
evidence for the formation of a free radical during 
photosynthesis, and he has suggested that manganese 
plays a role in a photochemical reduction of carbon di- 
oxide to glycolic acid. However, the results which 
have so far been published do not seem to require this 
interpretation. It may be, instead, that the glycolic 
acid is synthesized from keto-sugar phosphates in the 
carbon reduction cycle described later. 

Moses and Calvin showed that although glycolic acid 
is synthesized relatively slowly from carbon-14-labeled 


_ carbon dioxide, it very rapidly picks up tritium during 


photosynthesis in the presence of tritium-labeled water, 
or pure T,O (19). This result suggests that while 
glycolic acid may not be formed directly from carbon 
dioxide, as Tanner proposes, it may nevertheless play 
an important role in electron transport. Conceivably 
this role is linked in some way with the role of man- 
ganese in the formation of oxygen, as Tanner’s results 
imply. 

In summary, a purely hypothetical scheme for the 
photo stage, based on several pieces of evidence, may be 
stated: Light is absorbed by chlorophyll, giving ex- 
cited chlorophyll. This excited chlorophyll can trans- 
fer its energy through the array of chlorophyll molecules 
until chlorophyll, or some associated pigment, transfers 
an electron to an electron acceptor. This transfer may 
be of two different types, one of which requires light 
energy of somewhat shorter wavelength than the other. 
The electron is then carried by some electron transport- 
ing system involving such intermediates perhaps as 
plastoquinone to the point where it is used to reduce 
TPN+ to TPNH. At the same time, the pigments 
which have lost electrons must extract them from water, 
producing some intermediate hydroxyl radical and 
eventually peroxide, in a process which seems to require 
manganese. From this peroxide, oxygen is evolved. 
Somewhere, during these processes, adenosine triphos- 
phate (ATP) is formed. Glycolic acid plays a role in 
electron transport, either in the primary processes of 
photosynthesis, or perhaps in carrying reducing power 
from the chloroplasts to the cytoplasm. This role of 
glycolic acid may be linked in some way with the man- 
ganese requirement. 

In their studies with isolated chloroplasts, Arnon and 
co-workers (20, 21) have shown what appears to be a 
stoichiometric relationship in the production of oxygen, 
ATP, and TPNH. Since these are the very cofactors 
which have been postulated as required for the opera- 
tion of the carbon reduction cycle (22), it has appeared 
that these two cofactors were the only link between the 
photo stage of photosynthesis and the -synthesis stage. 
This conclusion was further supported by the report by 
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Trebst that synthesis resembling photosynthesis could 
be carried out in the dark if one supplied the chloro- 
plasts with reduced triphosphopyridine nucleotide and 
ATP (23). 

In the past year, however, this agreeably simplified 
picture has been subjected to some new questions. For 
one thing, Miyachi, Oh-hama, and Tamiya (24) have 
reported that when the light is turned off following a 
period of photosynthesis, the level of TPNH does not 
decline immediately but, in fact, goes up or stays level 
for many minutes. Nevertheless, the capacity to fix 
carbon dioxide drops off, with a half-life of about 30 
seconds, and becomes essentially zero in a minute or two. 
One wonders, therefore, if some other reducing cofactor 
might not be required for CO, reduction at the rates 
observed during photosynthesis in intact green cells. 


Progress in Mapping Biosynthesis Pathways 


With this question in mind, let us turn our attention 
to the synthesis part of photosynthesis. Here much 
more is known about the chemical processes involved, 
largely as a result of tracer studies with carbon-14 and 
phosphorus-32. The techniques used so successfully 
in these studies have been described in detail in previous 
references in THIS JOURNAL (2, 3). I shall summarize 
them very briefly. 

Radioactive bicarbonate solution, HCO;~, is injected 
into an actively photosynthesizing suspension of a uni- 
cellular algae, Chlorella pyrenoidosa. After only a few 
seconds of photosynthesis, during which time the plant 
makes organic compounds from the radioactive bicar- 
bonate, the algae are run into boiling alcohol and killed. 
All enzymic reactions stop immediately, and the subse- 
quent labeling of the compounds may be found by 
analysis. This labeling is indicative of the synthesis of 
compounds from radiocarbon. 

To make this analysis, the killed algae suspension is 


extracted and concentrated, and the compounds are 
separated by two-dimensional paper chromatography. 
A radioautograph of the paper chromatogram shows 
which compounds have become labeled. The measure- 
ment of the radioactivity in each compound is made 
with a Geiger counter. A kinetic analysis is then made 
of the appearance of carbon-14 in each compound as a 
function of time of photosynthesis in C'‘ by the plant. 
In some cases, individual compounds were degraded to 
show the position of the labeled carbon within the 
molecule. 

The results of these studies led to the formulation of 
the carbon reduction cycle of photosynthesis which is 
depicted in Figure 1. The simple essentials of this 
rather complex cycle are as follows: First, carbon di- 
oxide adds to a five-carbon sugar, producing an unstable 
six-carbon compound which splits into two three-carbon 
compounds, each of which is an acid. Secondly, ATP 
and TPNH from the light are used in the reduction of 
the carboxyl group to the corresponding aldehyde; the 
result is the formation of a three-carbon sugar. Then, 
five of these three-carbon sugars undergo a series of con- 
densations, dismutations, and rearrangements to pro- 
duce three five-carbon sugars. Finally, each five- 
carbon sugar monophosphate is converted with ATP 
to the five-carbon sugar diphosphate which is the car- 
bon dioxide acceptor. Each of these three five-carbon 
sugars can add a CO, molecule, producing a total of six 
three-carbon fragments. Therefore, there is a net con- 
version of three molecules of carbon dioxide to one 
three-carbon organic compound per turn of the cycle. 

This three-carbon compound may then be used for 
subsequent steps in the synthesis of specialized end 
products. For example, two three-carbon sugars may 
be condensed to make one six-carbon sugar and two six- 
carbon sugars may react together to form one molecule 
of sucrose. Alternately, a large number of six-carbon 
sugars (glucose molecules) may be linked together to 
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Figure 2. Photosynthetic pathways to glycolic acid and acetyl phosphate. [After Bassham and Calvin (26).] 


form a complex polysaccharide which is starch or 
cellulose. 

Another biosynthetic pathway leading from the cycle 
begins with phosphoglyceric acid, the three-carbon acid 
compound formed as the product of the carboxylation 
reaction, and proceeds via phosphoenolpyruvic acid and 
a second carboxylation to a four-carbon carboxylic acid, 
malic acid. Phosphoenolpyruvic acid may also be 
converted to alanine, forming an amino acid. This 
amino acid is then used to form other amino acids, and 

‘ultimately in the synthesis of proteins and enzymes. 

It may be that the appearance of labeled glycolic 
acid under certain conditions during photosynthesis 
with CO, is a manifestation of another biosynthetic 
pathway beginning with the carbon reduction cycle. 
Breslow (25) has suggested that during the transketo- 
lase reaction (Fig. 2) the carbon atoms numbers 1 and 2 
of the ketose sugar phosphate are condensed with 
thiamine pyrophosphate. Reversal of this reaction, 
but with a different aldose sugar, gives the transketo- 
lase reaction. Dehydration of the condensation prod- 
uct, followed by phosphoroplastic splitting, gives 
acetyl phosphate. If, however, the condensation 
product is oxidized as shown in Figure 2, then glycolic 
acid might be formed. The details of this proposal 
have been discussed by Bassham and Calvin (26). 

Acetyl phosphate, formed as shown in Figure 2, 
probably would be converted to acetyl coenzyme A and 
then used in fat synthesis. 

By means of careful quantitative studies with carbon- 
14 during steady state photosynthesis, it is possible to 
measure the relative quantitative importance of various 
biosynthetic pathways. The methods by which this is 
accomplished were described in our last report in THIS 
JOURNAL (3). By means of these studies we have now 
been able to show that there is a very active synthesis of 
several important amino acids (27). The rates of syn- 
thesis during photosynthesis of alanine, serine, aspartic 


154 / Journal of Chemical Education 


acid, glutamic acid, glutamine, and other amino acids, 
have been measured. The synthesis of these amino 
acids accounts for about 30% of all of the carbon taken 
up during steady state photosynthesis and about 60% 
of all of the ammonia uptake. Furthermore, the syn- 
thesis of these amino acids reaches a maximal rate very 
quickly after exposure to carbon-14 and at a time when 
the only possible precursors are intermediates for the 
carbon reduction cycle in the chloroplasts. From these 
facts it may be concluded that the synthesis of these 
amino acids takes place in the chloroplasts directly from 
intermediates of the carbon reduction cycle. Since so 
much of the total ammonia uptake and carbon uptake 
may be accounted for by these synthetic pathways, we 
can say that protein synthesis takes place in the chloro- 
plasts via the free amino acids. 

During steady state studies we have also studied the 
rate of appearance of carbon-14 in phosphoglyceric acid 
and compared that rate of appearance with the rate of 
appearance of carbon-14 in ribulose diphosphate, the 
carbon dioxide acceptor. We know the rate of uptake 
of carbon-14 from the medium, and we can calculate the 
rate of flow of carbon-14 through the carboxylation re- 
action and through the carboxyl carbon of phosphogly- 
ceric acid (28). Knowing that the carboxyl carbon of 
PGA must become saturated with radiocarbon in a few 
seconds after the beginning of exposure to COs, we can 
calculate the rate of appearance of carbon-14 in the 
alpha- and beta-carbons of PGA and compare that with 
the carbon-14 in ribulose diphosphate, which must be 
the precursor to the alpha- and beta-carbons of PGA. 
It turns out that the alpha- and beta-carbons of the 
phosphoglyceric acid are labeled too rapidly for them to 
be derived from all five of the carbon atoms of ribulose 
diphosphate. Therefore, probably the carboxylation 
product, the unstable six-carbon compound, splits to 
two three-carbon fragments, only one of which is 
phosphoglyceric acid. 
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Now it is known that in the isolated enzyme systems 
and in some isolated chloroplasts, the carboxylation re- 
action does result in two molecules of phosphoglyceric 
acid. Thus it appears that in the living cell the bio- 
synthetic pathway may be slightly different than it is in 
isolated, or broken, systems. _ This is not surprising when 
we remember the highly organized, complex structure of 
the chloroplasts. Rather it suggests that in the intact 
chloroplast in the living cell it is possible for some 
different type of transfer of reducing power from the 
primary photo reaction to the synthetic reaction to take 
place—some mechanism different, that is, from the one 
mediated by reduced triphospyridine nucleotide. This 
transfer could result in a reductive split of the unstable 
six-carbon carboxylation product, giving one molecule of 
phosphoglyceric acid and one molecule of triose phos- 
phate. This possibility is indicated by the dotted line 
in the cycle shown in Figure 1. 

Once again it would appear that the simple assump- 
tion that only TPNH and ATP are formed by the 
photo reaction and required by the carbon reduction 
cycle may have been an oversimplification of the true 
situation. No doubt carbon reduction pathways very 
similar to those of photosynthesis can function with 
only these two known cofactors, and such has been 
demonstrated with isolated chloroplasts. However, it 
is important to note that the rate of synthesis of carbon 
compounds in isolated chloroplasts is only a very small 
fraction (2-5%) of the rate which would be measured 
in healthy, active, living whole cells. Thus there is no 
necessity to conclude that the entire process of carbon 
reduction during photosynthesis, as it occurs in vivo, 
has been reproduced in cell free systems as yet. 

Studies with whole chloroplasts, fragments and ex- 
tracts of chloroplasts and of sub-chloroplastic struc- 
tures, and purified enzyme preparations from chloro- 
plasts, have been of value and will continue to be of 
value in determining the pathway of carbon reduction 
during photosynthesis. Nonetheless, conclusions based 
on such studies can be valid only when they are consist- 
ent with the data obtained from observation of the in- 
tact system. 
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TERS 


To the Editor: 


The valid criticism by Halliwell' of the conclusions 
implied in my article “Estimating Standard Oxidation 
Potentials’? resulted from a typographical error. The 
last line of the left column of page 148 should read, 
and when E°:,, = E°.,,, it follows that. . .”’ 

Without emphasizing this condition, the subsequent 
statement is confusing. The Luther-Wilson’s rule can 
give a connection between three or even more related 
potentials, since in isothermal-isobaric reversible proc- 
esses the work done depends only on the initial and 
final states. However, in the plotting of these data 
according to the function E,° = f (2n,), only the three 
related potentials lie on a straight line of a given slope. 
L.e., in the example given in my paper the equation 


3E°s/6 = E°s/4 + E°s/s + E°s/s 
is valid, while the potentials H°:,,, and 
lie on a straight line only if E°:,, equals E°,,,. 


My thanks are due to Professor Halliwell for calling 
my attention to this misleading erratum by his letter. 


Lhszio J. Cskny1 


UNIVERSITY OF SZEGED 
Szecep, HuNGARY 


1 HaLLIweLL, H. F., J. Coem. Epuc., 37, 437 (1960). 
2? Csdnyt, L. J., J. Coem. Epuc., 37, 147 (1960). 
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BOOK REVIEWS 


Physical Science 


Donald 8S. Allen, State University 
College of Education, Albany, New 
York, and Richard J. Ordway, State 
University College. of Education, New 
Paltz, New York. D. Van Nostrand 
Co., Inc., Princeton, New Jersey, 1960. 
xi + 825 pp. Figs. and tables. 16 X 
23.5cem. $8.25. 


The authors in their preface state that, 
“this text has been written for the non- 
science student who has had little or no 
previous training in the sciences and no 
mathema’ ical training beyond elementary 
algebra.’’ They have, however, included 
a brief review of mathematical processes 
early in the text which will certainly 
benefit the many students today who 
either have not had algebra or are de- 
ficient. 

The text covers well selected topics in 
physics, chemistry, astronomy, and ge- 
ology. The presentation of each topic 
is such that the student should have little 
difficulty with units and terminology as 
he progresses from one chapter to the 
next. Most topics are introduced by 
means of interesting and unusual discus- 
sions of historical background. Indeed, 
this approach is used in many salient 
places throughout each chapter. This 
method of introducing new material is 
certain to arouse the interest and curiosity 


- of even the student who believes science 


is not for him. 
Many chapters (as those pertaining to 
force, work and energy, kinetics, chemical 


reaction, and electronic structures) cover . 


the fundamental concepts so rapidly that 
even the student with a high school back- 
ground in physics and chemistry will 
experience considerable difficulty. 

The text is easy to read, the print and 


Reviewed in This Issue. 


paper are good, the illustrations are 
plentiful and excellent. Many illustrative 
problems are included to make the con- 
cepts being developed more meaningful 
and will aid in answering of questions that 
round out the subject at the end of the 
chapters. 

The bibliography is quite good and will 
certainly aid the student to more fully 
expand those sections in which the text 
is a bit terse. The appendix carries the 
tables and relationships needed in the 


text and the answers to the problems will - 


be appreciated by both the student and 
the instructor. 

This text should create interest in the 
student and at the same time be of suf- 
ficient difficulty to challenge his ability. 


G. H. CHapMAN 
Kent State University 
Kent, Ohio 


Organic Chemistry 


Allan R. Day and Madeleine M. Joullié, 
both of The University of Pennsylvania, 
Philadelphia. D. Van Nostrand Co., 
Inc., Princeton, New Jersey, 1960. 
vi + 864 pp. Figs. and tables. 16 
xX 23.5cem. $9.50. 


This text has as its three main objectives 
“(1) to stress the fact that inorganic and 
organic chemistry are based on the same 
fundamental principles; (2) to integrate 
aliphatic, alicyclic, aromatic, and hetero- 
cyclic chemistry; and (3) to emphasize 
why reactions take place rather than the 
mere fact that they do take place.” 
Relatively little can be said about the 
attainment of the first objective. The 
“stress’’ appears to be about average for 
the course. The authors are most success- 
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ful with the second objective and least 
successful with the third. The book pre- 
sents a fine integration of the treatment of 
aliphatic, aromatic, and heterocyclic 
compounds. The coverage of old and new 
factual material is very good. However, 
such is the pace of developments in chem- 
istry that even though the term “‘reso- 
nance,” practically unknown in the 
average organic text of 25 years ago, is 
used in this book in some sections (e.g., 
Chapter 9) on an average of twice per 
page; this book, compared to competitive 
texts, must be regarded as a classical 
approach to understanding why reactions 
occur. For example, the utility of kinetics 
and optical activity as diagnostic tools 
for elucidating mechanism are not ex- 
ploited nor is there much discussion of 
transition state concepts. Molecular 
orbitals are barely mentioned. Further- 
more, the important and dramatic success 
of stereochemical control of reactions 
based on conformational considerations 
is not elaborated; e.g., it is not even ap- 
parent. from drawings or discussions that 
two adjacent equatorial positions in 
cyclohexane are trans. The accuracy of 
the resonance presentation may even be 
questioned and it is perhaps a tribute to 
resonance theory that it can be applied so 
successfully at an elementary level without 
a discussion of its true foundations. The 
authors are particularly fond of the ex- 
pression “extreme structures’ but do not 
present an understandable definition of this 
phrase and often use it inconsistently. 

A book of this size would be unusual 
indeed if there were no lapses in accuracy 
and good nomenclature practice. Thus 
there is the claim (p. 215) that the point 
of symmetry is a symmetry element not 
often encountered. However, the many 
common molecules belonging to point 
groups Cos», such as trans-dichloroethylene 
and trans-stilbene, and to Den, such as 
ethylene and p-dichlorobenzene, all have 
a point of symmetry. Esters do not neces- 
sarily have the grouping -C-CO.R (p. 525); 
as for example, formic esters. Propyl 
acetate is two words (p. 525). It is com- 
mon practice to retain the vowel between 
parent and function suffix, e.g., hexanediol, 
alkanesulfonic acid ete., rather than 
hexandiol etc. Bipheny] is much preferred 
over diphenyl for the hydrocarbon Phe 
and its derivatives. 

That new texts purporting to serve the 
needs of a year’s course in undergraduate 
organic chemistry should continue to be 
published is not surprising. There is a 
great deal of ferment regarding teaching 
method and material. The vast growth 
in both factual and theoretical knowledge 
in all fields of chemistry and the coales- 
cence of the traditional four separate 
fields of chemistry pose serious problems 
in the choice and scope of subject matter 
to be included in an organic text of man- 
ageable proportions. The present book 
is a solid, if not exciting, attempt to or- 
ganize the facts of organic chemistry with 
emphasis on coverage, organization and 
treatment, rather than on intimate mecha- 
nism or novel approaches to undergraduate 
teaching. 


Mitton ORCHIN 
University of Cincinnati 
Cincinnati, Ohio 
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Synthetic Inorganic Chemistry 


William L. Jolly, University of Cali- 
fornia, Berkeley. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, 1960. 
ix + 196 pp. Figs. and tables. 16 x 
23.5cem. $6. 


Although recent inorganic texts have 
reflected the current theoretical viewpoint 
characteristic of this rapidly developing 
branch of chemistry, no laboratory manual 
has until now been available to comple- 
ment such texts. Thus this original and 
well-planned manual is doubly welcome. 
“Open-ended” and heuristic in approach, 
it is designed for the instructor who prefers 
to have his students devise their own 
experiments from the original literature 
rather than routinely follow directions. 
Professor Jolly has briefly described his 
philosophy in THIS JOURNAL, 36, 513 
(1959). 

The author strongly believes that the 
tedium and lack of purpose often as- 
sociated with preparations courses can 
be avoided by examining the motivations 
of the synthetic chemist; therefore he 
devotes his first chapter to answering 
the fundamental but usually neglected 
question, ‘‘Why do chemists prepare com- 
pounds?” The second chapter considers 
the inorganic literature and applies ther- 
modynamic and kinetic data to synthesis. 
Chapter 3 outlines acid-base concepts and 
uses these to predict the course of reac- 
tions. Chapter 4 discusses coordination 
cdmpounds (with emphasis on mecha- 
nisms), metal-ammonia solutions, and 
hydrides. Chapter 5, entitled Structure 
from Chemical Data, deals with a topic 
of great importance in current research 
but one rarely treated as a unit in texts. 
General Laboratory Procedures (Chapter 
6) describes the author’s three-unit under- 
graduate course at Berkeley. Professor 
Jolly solves the organizational dilemma— 
types of compounds versus special tech- 
niques—by providing a list of syntheses 
which combines the two viewpoints. 

Chapters on Electrolytic Syntheses, 
Electrical Discharge Tubes, Non-Aqueous 
Solvents, Ion Exchange Columns, and 
The Autoclave give not only concise in- 
troductions but also literature references 
to preparations involving these basic tech- 
niques. The survey of techniques con- 
cludes with chapters on High-Temperature 
Processes, The Inert Atmosphere Box, 
The Vacuum Line, and Liquid-Liquid 
Extraction. 

The final chapter, Syntheses, gives de- 
tailed directions for the preparation of 
18 compounds illustrating the special 
techniques previously discussed. It is 
prefaced with the admonition that these 
syntheses be used sparingly since good 
students prefer to seek out synthetic 
methods from the literature. Neverthe- 
less, despite the subordinate position to 
which the author relegates the traditional 
laboratory synthesis, this chapter might 
well serve as a model for writers of con- 
ventional laboratory manuals. Arranged 
in order of increasing difficulty, the pro- 
cedures are replete with equations, time 
requirements, preliminary study assign- 
ments, lists of reagents and special equip- 
ment, methods of analysis, and questions. 
Although a few old standbys such as 
copper (I) chloride and potassium peroxy- 


disulfate are included, emphasis is given 
to newer compounds and techniques such 
as diborane, tetrasulfur tetranitride, ferro- 
cene, polymeric dimethylsiloxane and 
phosphonitrilic chloride, and the separa- 
tion of rare earths by ion exchange chroma- 
tography. 

The book is generously provided with 
figures, tables, structural formulas, safety 
precautions, problems, and examples 
chosen from the recent literature. TUPAC 
nomenclature is rigorously and con- 
sistently used, e.g., lithium hydroalumi- 
nate for LiAlH, Appendices summarize 
useful information on glass blowing, cold 
baths, vapor-pressure thermometers, 
hygrostats, desiccants, compressed gases, 
theoretical plates, and locker equipment. 

“Synthetic Inorganic Chemistry” is 
unreservedly recommended both as a 
working manual for the student and as a 
source of stimulation and guidance for 
the instructor. 


GerEorGE B. KaurrMaNn 
Fresno State College 
Fresno, California 


Instability Constants of Complex 
Compounds 


K. B. Yatsimirskii and V. P. Vasil’ev. 
Translated from Russian by D. A. 
Paterson: translation edited by R. H. 
Prince, University of Cambridge, Eng- 
land. Pergamon Press, Ltd., London, 
1960. (Pergamon Press, Inc., New 
York, 1960). viii + 218 pp. Figs. 
and tables. 14.5 XK 22 cm. 42s. net. 
Consultants Bureau, New York, 1960. 
ix +214pp. Figs. and tables. 14.5 x 
22cm. $6.75. 


The hydrolytic stability of complex 
compounds is, perhaps, their most im- 
portant property. This becomes im- 
mediately evident from a consideration of 
even a few applications of complexing, 
such as those in analytical work, in elec- 
trochemistry, in plant growth regulators, 
in the softening of water, and in catalytic 
systems. Many methods of determining 
the stability and instability constants of 
complexes have been devised, and during 
the past 20 years, a large number of such 
constants have been recorded. The most 
extensive compilation of these constants 
was prepared by Bjerrum, Schwarzenbach, 
and Sillén, and was published by the 
Chemical Society (London) in 1957-58. 
Although the monograph under review 
here was published in English in 1960, it 
was evidently prepared at about the same 
time as the other one, for only a few 
references more recent than 1954 have been 
included in it. The compilation by 
Bjerrum and his co-workers gives data 
on almost 3000 compounds; this book 
lists 1381. In each book, the authors have 
indicated the method used in determining 
each constant. Bjerrum and his collab- 
orators record all of the values of each 
constant that have been reported; 
Yatsimirskii and Vasil’ev, on the other 
hand, have selected the one value for each 
constant which they consider to be most 
reliable. Since they have worked in this 
field for some years, their selections are 
doubtless very good ones. 


Bjerrum, Schwarzenbach, and Sillén 
describe the calculation of stability and 
instability constants only very briefly 
(4 pages), whereas Yatsimirskii and 
Vasil’ev give a much fuller account (57 
pages). Even so, they do not attempt to 
describe experimental methods, but only 
the calculations involved in interpretation 
of the data. The mathematics is con- 
densed and sometimes difficult to follow; 
however, references are given to the 
original literature, where fuller treatments 
are available. 

Yatsimirskii and Vasil’ev also include a 
chapter on The Complete Thermody- 
namic Description of Complex Formation 
Reactions in Solution (7 pages) and one on 
Factors Determining the Stability of 
Complex Compounds in Solution (16 
pages). This latter is by far the most 
interesting part of the book, and deserves 
careful study by every student of in- 
organic complexes. 

The timeliness and importance of this 
book is indicated by the fact that two 
organizations have seen fit to publish 
English translations of it. Of the two 
translations, that published by the Con- 
sultant’s Bureau is much the better. In 
many spots in the Pergamon edition, the 
diction is awkward, and in a few places, 
not at all clear. In compiling biblio- 
graphic references, both publishers have 
had trouble with the problem of trans- 
literation of proper names, and the names 
of some Western scientists, having been 
translated into Russian and back, are 
misspelled. The edition published by the 
Consultant’s Bureau seems to contain 
fewer of these mistakes than the other, 
but even in it, they are numerous. 

Both editions are printed by a photo- 
offset process. Here, too, the Pergamon 
edition is open to severe criticism. The 
typing is poorly done, and many of the 
subscripts and Greek letters are almost 
illegible. 

In the opinion of the reviewer, the chief 
value of this book lies in its usefulness in 
calling attention to several methods of 
calculating instability constants and in 
the discussion of factors determining the 
stabilities of complexes. 


Joun C. Baruar, JR. 
University of Illinois 
Urbana 


Fuel Cells 


Edited by G. J. Young, Alfred Univer- 
sity, Alfred, New York. Reinhold 
Publishing Corp., New York, 1960. 
v + 154 pp. Figs. and tables. 16 X 
23.5em. $5.75. 


This book includes nine papers and a 
summary of a panel discussion on fuel 
cells presented at a symposium held by 
the Gas and Fuel Division of the American 
Chemical Society at the 136th National 
Meeting in Atlantic City in 1959. The 
major topics discussed are the hydrogen- 
oxygen (air) fuel cell with carbon elec- 
trodes (by Karl Kordesch); catalysis 
of fuel cell electrode reactions (by G. J. 
Young and R. B. Rozelle); electrode 
kinetics of low-temperature hydrogen- 
oxygen fuel cells (by L. G. Austin); the 
high pressure hydrogen-oxygen fuel cell 
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(by F. T. Bacon); high temperature fuel 
cells (by G. H. J. Broers and J. A. A. 
Ketelaar); carbonaceous fuel cells (by 
H. H. Chambers and A. D. S. Tantram); 
nature of the electrode processes in fuel 
gas cells (by E. Gorin and H. L. Recht); 
molten alkali carbonate cells with gas- 
diffusion electrodes (by David L. Doug- 
las). It is an excellent book. It is an 
important, up to date, authoritative sum- 
mary of the information on fuel cells. 
The contributing authors are actively 
involved in researches in this important 


field.. The conclusions with reference to - 


future prospects of use of fuel cells are 
the following: 

The extent to which fuel cells will be 
employed in various power applications 
within the next few years depends on the 
amount of research and development work 
that will be expended. Small mobile 
power sources will probably be available 
in the near future. Fuel cells to power cer- 
tain types of traction devices appear 
feasible. The combination of a fuel cell 
and a d.c. motor is particularly attractive 
from the point of view of the high torque 
developed at low speeds. In Germany, 
battery driven rail cars are competitive 
with diesel electrics. Fuel cells would 
seem to offer several advantages over 
conventional batteries in this area and 
might in time find application in locomo- 
tives, large earth-moving equipment, 
small ships operating over short distances, 
etc. The prospects for the use of fuel 
cells in large central power stations are 
unknown at present. The answer to this 
question as well as many others must 
await further developments. 


A. B. GARRETT 
Ohio State University 
Columbus 


Comparative Biochemistry: A Compre- 
hensive Treatise. Volume 2, Free 
Energy and Biological Function 


Marcel Florkin, University of Liege, 
Liege, Belgium, and Howard S. Mason, 
University of Oregon Medical School, 
Portland, Oregon. Academic Press, 
Inc., New York, 1960. xix + 685 pp. 
Figs. and tables. 16 X 23.5cm. $20. 


In Volume 2, 18 contributors have re- 
viewed literature and summarized it 
under the following chapter headings: 
free energy and biosynthesis of phos- 
phates; utilization of free energy for the 
biosynthesis of saccharides; comparative 
biochemistry of free energy utilization 
for the biosynthesis of peptides and pro- 
teins; ammonia metabolism and urea bio- 
synthesis; muscular contraction; other 
mechanisms producing movements; active 
transport; balance of water, electrolytes, 
and nonelectrolytes; the mechanisms of 
osmoregulation; nerve conduction and 
electrical discharge; and bioluminescence. 

The preface claims that the book de- 
scribes how free energy is utilized to 
support function. But this goal was too 
ambitious for present knowledge, and it 
does not succeed. The book does succeed 
in its aim of summarizing present knowl- 
edge in the field, but the only way of 


158 / Journal of Chemical Education 


doing this was to plunge head first into 
the same thermodynamic quagmire which 
seems to have ensnared so many writings 
in this area of biochemistry. It is idle 
speculation to draw conclusions about 
living systems, from highly “unbiological’’ 
equilibrium conditions as they are em- 
bodied in standard free energy change, 
even when this is corrected to pH 7. 
The superficial reader is likely to miss 
several places where the authors admit 
the invalid nature of the thermodynamic 
data reviewed. 

Fortunately, most of the book has 
nothing to do with the subtitle. Although 
there is little chemistry and still less 
thermodynamics, there is a wealth of 
descriptive information on the compara- 
tive physiology of a wide range of plants 
and animals. No doubt this volume, as 
a necessary part of the entire treatise 
which will consist of six volumes when 
completed, is a valuable work. ° 


A. R. Parron 
Colorado State University 
Fort Collins 


Oxidation-Reduction Potentials of Or- 
ganic Systems 


W. Mansfield Clark, DeLamar Professor 
Emeritus of physiological chemistry, 
The John Hopkins University, Balti- 
more, Maryland. The Williams & 
Wilkins Co., Baltimore, Maryland, 
1960. xi + 588 pp. Figs. and tables. 
16 X 23.5em. $13.50. 


No doubt most chemists associate the 
name of W. Mansfield Clark with his 
trail-blazing book, “The Determination 
of Hydrogen Ions,’ the third edition of 
which appeared in 1928. Many of these 
are aware that Clark was also a pioneer in 
the experimental investigation of the 
galvanic behavior of organic redox 
systems. It is heartening to find that 
this illustrious chemist has spent the 
early years of his retirement in writing 
a volume which reviews and molds into 
a remarkably coherent unity existing 
knowledge in the field. It is clearly a work 
of love. 

Formally, the scope of the book is 
restricted to the thermodynamic aspects 
of organic redox systems insofar as they 
can be studied potentiometrically. Ac- 
tually, however, many related subjects 
are discussed, some (of necessity) super- 
ficially, some in considerable detail. 

In the first chapter, entitled In Ret- 
rospect, Clark found the opportunity 
to give full play to his talent as a writer 
and devoted 39 pages to the history of 
oxidation-reduction theory, acid-base con- 
cepts and the electrochemistry of galvanic 
cells. Philosophy is generously inter- 
spersed with the history—the rich, care- 
fully weighed, mature philosophy of a 
man who has grown with science for many 
years. 

In the next three chapters are developed 
rigorously: the pertinent thermodynamic 
equations, electrochemical conventions, 
and the equations required to describe 
the galvanic behavior of electrochemical 
cells. The author here goes into great 
detail to explain the precise significance 
and use of all terms in the equations. The 


treatment is thoroughly up to date; mod- 
ern concepts are gracefully and naturally 
integrated with classical concepts. 

The next four chapters are devoted to 
a detailed mathematical analysis of ex- 
perimental data in cases complicated by 
the presence of oxidizable or reducible 


impurities, dimerization, 
and coordination compounds. 
chapters are clearly for the specialist. 

The next four chapters present, re- 
spectively, a highly illuminating discus- 
sion of liquid junction potentials, consider- 
ations involved with the difficult problem 
of standardizing reduction potentials, 
and pH numbers, 48 pages of details on 
laboratory techniques, and a consideration 
of the criteria of reliability of reduction 
potentials. 

In the penultimate chapter, Clark has 
allowed himself the luxury of skimming 
over some of the most interesting ‘‘ex- 
plorations’” of organic redox behavior 
without any pretense of having read ex- 
haustively the literature of these topics. 
The last chapter consists of 162 pages of 
tabular data generously interspersed with 
discussions. Particularly long discussions 
are given to sulfhydryl compounds, and 
to the diphosphopyridine nucleotide and 
related systems. Appendices and a com- 
plete bibliography complete the book. 

Clearly the book gives the necessary 
background material for any chemist de- 
siring to work in this field. It can also 
be highly recommended as supplementary 
reading for any graduate student seriously 
interested in electrochemistry. Here 
one finds interspersed with the subject 
matter of the book many fine lessons 
in critical thinking, objectivity of a high 
order, recognition of the necessity of 
extreme caution, an appreciation of history 
in its relation to the present, the genuine 
admiration of a great scientist for the 
best work of others and his humbleness 
in the face of an infinitely complex uni- 
verse. 

Dr. Clark is to be congratulated on 
writing an outstanding and needed book 
and envied for living to see this field of 
physicoorganic chemistry, which he nur- 
tured in its infancy, grow to full stature. 


semiquinones 
These 


A. Epwarp Remick 
Wayne State University 
Detroit, Michigan 


Heat and Thermodynamics 


J. K. Roberts, Late of Cambridge Uni- 
versity, England, revised by A. R. 
Miller, University of Melbourne, 
Australia. Interscience Publishers, Inc., 
New York, 1960. xx + 619 pp. Figs. 
and tables. 15.5 X 22.5em. $7.25. 


The fifth edition of this well known book 
is the second revision by Dr. Miller. It 
is 27 pages larger than the edition of 1951. 
For the most part this represents added 
statements of work done in the past 
decade. The recent recommendations of 
the International Unions of Physics and 
Chemistry on the international tempera- 
ture scale and the units of heat are pre- 
sented. In fact, the joule is adopted so 
completely that there is no mention of 
defined calories. Only the 15° (C) and 

(Continued on page A192) 
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recent Interscience texts... 
An Introduction to the Chemistry of Heterocyclic Compounds 


by R. M. Acheson, Oxford 


This text for the graduate or senior undergraduate level will be welcomed by teaching 
organic chemists who, in the past, have often had to rely upon special lectures to 
introduce this complex subject. It is a concise account of the more important 
properties and chemical reactions of basic heterocyclic systems, using modern elec- 
tronic systems and mechanistic concepts where possible. Recent biochemical de- 
velopments are brought into the presentation when appropriate. The author’s wide 
experimental and teaching experience is combined in an astute selection of material 
and a treatment which brings the flavor of the research laboratory into the classroom. 

1960 356 pages $5.00 


Quantum Chemistry, Methods and Applications 


by R. Daudel, R. Lefebvre and C. Moser, Centre de Mécanique Ondulatoire Appliquée 
du Centre National de la Recherche Scientifique, Paris 


A new and lucid presentation cited as follows in a footnote to Professor Frank C. 
Pilars’ article “Quantum Mechanics for Organic Chemists” in the November 1960 
issue of Journal of Chemical Education: “Recently there has appeared an excellent 
text by R. Daudel, R. Lefebvre, and C. Moser: ‘Quantum Chemistry—Methods 
and Applications,’ Interscience Publishers, Inc., New York, 1959. This text ap- 
peared too late for extensive use in our course, but the author feels that this text is by 
far the best suited as a single source for the purposes of the outlined course.” 

1960 586 pages $74.50 


The Physical Chemistry of Surfaces 


by A. W. Adamson, University of Southern California 


A textbook which develops an understanding of the various manifestations of sur- 
face phenomena by a logical progression from fundamental physicochemical prin- 
ciples. The earlier chapters develop the theory systematically, and are provided with 
problems designed to require critical thinking, not the mere substitution into given 
equations. The later chapters apply the theory to problems of friction and lubrica- 
tion; wetting; flotation; detergency; emulsions and foams; chemisorption and 
catalysis. In these, student reports involving some aspect of the literdture take the 
problem of assignments. 1960 643 pages $72.75 


Scientific Russian, A Texthook for Classes and Self-Study © Second Edition 


by James W. Perry, University of Arizona 


A clear, concise exposition of the basic principles of Russian grammar, combined 
with complete and well-organized presentation of details and numerous example 
phrases and sentences. Revised, reviewed and up-dated—especially those exercises 
dealing with atomic energy, rocket propulsion and other current topics—this new 
edition has been entirely re-set for improved legibility. From the reviews of the 
first edition: “‘A well-organized and thorough introduction, designed to prepare students and 
other persons to read scientific literature published in Russian... The book is an outstanding 
one.’—New TECHNICAL Booxs (NEw Pus.ic Liprary) 

1961 589 pages $9.50 


Send for your examination copy 


INTERSCIENCE PUBLISHERS, INC. 250 some, Yok 1, ¥ 
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The 6th Annual Symposium publication of 
the Society of General Physiologists— 


MACROMOLECULAR 


COMPLEXES 


Edited byM. V. Edds, Jr., 
Brown University 
Just Published! The studies in this 
volume represent recent efforts to analyze 
complex macromolecular aggregates; to 
investigate the origin, interaction, and 
spatial disposition of their components; 
and to assess the respective roles of each 
constituent in the properties of the whole. 
14° Contributors. 1961. 269 pp., 107 


Other S. G. P. Symposia 


SUBCELLULAR PARTICLES, Teru Hayashi, Ed., 
with 20 Contributors. 1959. 213 pp. 122 


PHYSIOLOGICAL ADAPTATION, C. Ladd 
’ Prosser, Ed., with 14 Contributors. 1958. 
INFLUENCE of TEMPERATURE on BIOLOGICAL 
SYSTEMS, Frank H. Johnson, Ed., with 24 Con- 
tributors. 1957. 275 pp.; 133 ills., rad 


PHYSIOLOGICAL TRIGGERS and Discontinuous 
Rate Processes, Theodore H. Bullock, Ed., with 
16 Contributors. 1957. 179 pp.; 55 ills., 


ELECTROLYTES in BIOLOGICAL _ SYSTEMS, 
Abraham M. Shanes, Ed., with 11 Contributors. 
1955. 243 pp.; 123 ills., tables.......... $4 


The 18th Symposium of the Society for the 
Study of Development and Growth— 


DEVELOPING CELL SYSTEMS 
and THEIR CONTROL 


Edited by Dorothea Rudnick, Albertus 
Magnus College and Yale University 


Recent advances in the knowledge 
of cell differentiation and its control 
within the organism, presented from both 
the Sialagica! and biochemical points of 
view. Ten well-known contributors dis- 
cuss a diversity of organisms in the plant, 
animal, and microbiological kingdoms on 
the basis of their original studies. 1960. 
240 pp., 126 ills. $8 


The 16th and 17th Symposia of the 
Society for the Study of Development and 
Growth— 


DEVELOPMENTAL CYTOLOGY, Dorothea Rud- 
nick, Ed; with 10 Contributors. 1959. 215 


CELL, ORGANISM, and MILIEU, Dorothea Rud- 
nick, Ed.; with 12 Contributors. 1959. 326 


ESSENTIALS of 
QUANTITATIVE ANALYSIS 


An Introduction to the Basic Unit Operations 


A. A. Benedetti-Pichler, 
Queens College 


A valuable textbook, laboratory man- 
ual, and reference work for organic and in- 
organic analysis. Book provides a com- 
prehensive treatment of quantitative analy- 
sis with special emphasis on accuracy in 
manipulative techniques and understand- 
ing of unit operations. Adaptable to all 
levels of instruction, book includes 
numerous illustrations and reference tables. 
“Impressive... thorough, and firmly based 
on valuable practical detail."’—The Chemi- 
cal Age. 1956. 666 pp.; 138 ills., tables. 

$12.50 


Order your books from: 
THE RONALD PRESS COMPANY 


15 East 26th St., New York 10 
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mean calories are mentioned. There are 
additions to the discussion of the principle 
of corresponding states, the theory of 
liquids and methods of cooling by adia- 
batic demagnetization. The development 
of the Bunsen ice calorimeter into a pre- 
cision instrument for the measurement of 
enthalpy by the Bureau of Standards is 
described. 

One extremely valuable feature of this 
book is the great variety of experimental 
methods described. This is particularly 
true of the first 11 chapters dealing with 
the measurement of temperature, heat, 
heat conduction, heat capacity, heats of 
phase change and the attainment of low 
temperatures and liquefaction, and of 
chapter 20 dealing with radiation. 

There is so much here that is good it 
may seem ungenerous to ask for more. 
There are only 51 examples, 18 in one 
chapter, leaving an average of one and 
a half per remaining chapter. It is sur- 
prising that there is no mention of the 
Beattie-Bridgeman and Benedict-Webb- 
Rubin equations of state, or of heat pumps. 
To a physical chemist it always seems 
unfortunate that the physicist’s study 
of thermodynamics has so little contact 
with solutions and the many significant 
applications of thermodynamics in this 
field. 

This reviewer has not had the third 
edition for comparison, but it would 
appear that the following statement from 
the review of that edition by W. F. 
Giauque [J. Am. Chem. Soc., 63, 3545 
(1941)] is still valid. ‘The third law of 
thermodynamics (‘Nernst’s Heat Theo- 
rem’) is almost entirely and rather in- 
adequately illustrated by data which have, 
in nearly every case, been superseded by 
more accurate measurements.” This 
reviewer would add that a clearer and 
more up-to-date idea of this subject can 
be found in the papers of Giauque, of 
Pitzer, and others, primarily in American 
journals. 

Except that the horizontal line in 
differential equations is frequently faint 
or missing, the typography of this book 
is very satisfactory. 

The very fact that emphasis has been 
given to aspects of the subject not found 
in chemist’s books makes this an at- 
tractive complement at a reasonable 
price to books on chemical thermody- 
namics. 

Hueu M. SpeNcER 
University of Virginia 
Charlottesville 


Laboratory Technique in Organic 
Chemistry 


Kenneth B. Wiberg, University of Wash- 
ington, Seattle. McGraw-Hill Book 
Company, Inc., New York, 1960. 
viii + 262 pp. Figs. and tables. 16 x 
23.5em. $7.50. 


In the preface, the author describes 
as his purpose, “a book which gives a 
brief description of most of the important 
techniques required in dealing with or- 
ganic compounds..... and is directed 
mainly to the advanced undergraduate or 
beginning graduate student who is about 
to undertake a program of research work.’’ 


(Continued on page A194) 


ELEMENTARY 


ANALYSIS 


Theory and Practice 


W. J. Blaedel and V. W. Meloche 
University of Wisconsin 


% Suitable for a broad spectrum 
of students 


* A core of very carefully writ- 
ten and tested experiments 


*% No arbitrary separation of 
theory, technique, and prob- 
lem working 


% Makes the student less de- 
pendent on the instructor 


* The instructor may delegate 
much of the preparation and 
maintenance 


818 pp. $6.90 


Examination copies available upon re- 
quest to teachers of beginning quant 


ROW, PETERSON & CO. 


Evanston, Ill. Elmsford, N.Y. 
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New Textbooks in Chemistry 


from 


ORGANIC CHEMISTRY 


By D. J. Cram, University of California, Los 
Angeles; and George S. Hammond, California 
Institute of Technology. 712 pages, $9.25. 


This excellent introductory text, designed to take the 
beginner in the subject a long way into the field of 
organic chemistry, treats organic compounds from the 
logical viewpoint of how they are formed instead of the 
descriptive viewpoint of their structure. Instructor’s 
manual available. 


THERMODYNAMICS, New Second Edition 


By G. N. Lewis and R. Randall (Revised by 
Kenneth S. Pitzer and Leo Brewer, both of the 


University of California, Berkeley). McGraw- 
Hill Series in Advanced 1 el 723 pages. 


$12.50 


A revision by two top men in their field of a 1923 classic. 
The informal and much-admired style of the first edi- 
tion has been retained and will make the book very ap- 
pealing to all its readers. Because the last edition of 
the book was 37 years ago, there is much new material 
included in the new edition, particularly in the middle 
and late chapters. These chapters have now been 
brought up to the present frontiers of thermodynamics. 
Illustrative materials have been brought up to date. 
As before, illustrative problems are worked out in con- 
siderable detail. 


PHYSICAL CHEMISTRY 


By Gordon M. Barrow, Case Institute of Tech- 
nology. Ready in April, 1961. 


A modern text prepared with a eye toward unifying the 
content of physical chemistry by interpreting quanti- 
tative chemical behavior in terms of molecular behavior. 
All physical chemistry is treated from a structural 
approach, emphasizing the knowledge of the molecular 
world that can be gained by theory or experiment and 
the application of this knowledge to the understanding 
of macroscopic behavior. A problem book will be 
available. 


McGraw-Hill 


POLYMERIC MATERIALS 


By Charles C. Winding, Cornell University, 
and Gordon iatt, Eastman Kodak Com- 
pany. Ready in March, 1961. 


Provides a reference background from which the 
reader can understand the engineering principles and 
applications of polymeric materials. An introduction 
to polymer chemistry, molecular structure, and proper- 
ties is followed by a treatment of fabricating methods 
and applications, all involving fundamentals common 
to a large number of different polymers. This material 
is followed by a detailed discussion of specific commer- 
cial polymers. 


CHEMISTRY, Second Edition 


By M. J. Sienko and R. A. Plane, Cornell 
University. 623 pages, $7.50 


A careful revision and improvement of this excellent 
textbook in college chemistry. Neither the character 
or the scope of the book has been changed, but the 
authors, with a multitude of reviewers, have reex- 
amined and strengthened the first edition. The changes 
result in increased depth and lucidity rather than in- 
creased size.. The aim of the book, as before, is to 
present an introductory course which is quantitative, 
up-to-date, and of sufficient rigor to prepare the 
student for further work in the field. 


CHEMICAL THERMODYNAMICS 


By J. G. Kirkwood; and Irwin Oppenheim, 
Convair Division of General Dynamics. Ready 
in June, 1961. 


A senior-graduate text with Physical Chemistry pre- 
requisite. Text presents rigorous treatments of gas 
mixtures and heterogeneous equilibrium and also of 
electrochemical systems and dielectrics. Contains a 
new formulation of the Second Law and an important 
statement of relationship between the Second Law and 
the Carathedeodory Principle. 


Send for copies on approval 


McGraw-Hill Book Company, Inc. 
New York 36, N. Y. 
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It is the reviewer’s belief that, in the 
main, this objective has been achieved. 
However, the book was not as advanced 
as one might be led to believe by its in- 
clusion in the ‘McGraw-Hill Series for 
Advanced Chemistry.’’ 

The first three chapters are concerned 
with compounds in the three physical 
states of matter, i.e., liquid, solid, and 
gas. In each case the methods of de- 
termining some of the more significant 
physical constants for the state and the 
most useful methods of purifying matter 
in the state is given. There is a very 
useful chapter on separation and purifica- 
tion based on partition between phases 
and a fifth chapter deals with the tech- 
niques involved in carrying out a reaction. 
A sixth chapter briefly discusses the 


literature of synthetic organic chemistry. 

The chapters are well written and 
documented freely. The book is easy to 
read. Particularly useful are the full 
descriptions of apparatus, either their 
simple construction or the place of com- 
mercial availability. Likewise, at the 
end of each chapter are given significant 
references to larger sources on areas of 
importance. 

However, the growing importance and 
increasing availability of techniques, data, 
and instruments involved in optical rota- 
tion and molecular spectra would strongly 
suggest their inclusion in a book of this 
type. 

This is a welcome addition to the grow- 
ing literature of organic chemistry. 
Within the limits it covers, it is a very 


Notable features of the manuals: 


and rewritten 


tic 


hour period 


READY THIS SPRING... 
VI th editions of the well-known 


Belcher and Colbert laboratory manuals .. . 


EXPERIMENTS AND PROBLEMS FOR COLLEGE CHEMISTRY 
Revised by J. E. Belcher, J. C. Colbert, and H. H. Rowley; 
All of the University of Oklahoma 


Containing parts I, II, and III of the complete manual, this book pro- 
vides 38 experiments which cover the work commonly carried out in 
a first semester laboratory in general chemistry. Following the experi- 
ments, a section is devoted to the rudiments of inorganic nomenclature, 
common types of inorganic compounds, and general type reactions. A 
third section covers the calculations most used in general chemistry. 


PROPERTIES AND NUMERICAL RELATIONSHIPS 
OF THE COMMON ELEMENTS AND COMPOUNDS 


Suitable for two-semester courses, this book contains all of the material 
in the above manual plus 38 additional experiments, the final six of 
which are devoted to the principles of qualitative analysis. 


15 new experiments have been added, including one on chromatography 
and two on radioactivity; many other experiments have been revised 


500 new problems have been added to the section on chemical arithme- 
Each of the 76 experiments is designed to be completed within a two- 
Duplicate write-up sheets allow the student to retain a carbon copy 


The chemicals required for each experiment, together with the quanti- 
ties needed for ten students, are listed in the appendices 


All illustrations have been redrawn for greater clarity . 


APPLETON-CENTURY-CROFTS, INC. 
35 West 32nd Street 


9 x 12, about 260 pp., illus. 


9 x 12, about 380 pp., illus. 


New York 1, N. Y. 


useful book and can with profit be found 
in the working library of every practicing 
organic chemist. 


SAMUEL P. Massie 
Fisk University 
Nashville, Tennessee 


Methoden der Organischen Chimie. 
Band 5, Teil 4: Halogenverbindungen 


Edited by Eugene Miiller, Tiibingen. 
4th ed. Georg Thieme Verlag, Stutt- 
gart, Germany, 1960. xlvii + 894 
pp. Figs. and tables. 18 X 26 em. 
$42.85. 


The new Potentate, with neither power 
nor authority in his own land, who an- 
nounced that he would receive funds pro- 
vided there were absolutely no strings 
attached has promulgated a doctrine 
which has illuminated the spirits and 
enlivened the minds of organic chemists 
since the days of Wéhler. While we wait 
in anxious expectation until management 
accepts this view, the trembling organic 
chemist must disentangle himself from 
the “strings’’ of producing: new com- 
pounds, better yields, alternative methods 
of systhesis, etc. In this nexus of events 
halogen compounds occupy a singularly 
important role. Accordingly, a mono- 
graph on the preparation, properties, and 
reactions of this class of synthetic inter- 
mediates is of exceptional interest. 

Part A of this volume is a thoroughgoing 
treatment of bromine (516 pp.) and iodine 
(162 pp.) compounds. The seven sub- 
divisions relating to bromine derivatives 
are; review of the reagents used in bromi- 
nation, the addition of bromine to un- 
saturated systems, the introduction of 
bromine through replacement of hydrogen, 
the replacement of other atoms or groups 
by bromine, the production of bromides 
by special “‘aufbau’’ reactions, degradation 
reactions leading to the formation of 
bromides, and finally the preparation of 
bromides through transformations of 
other bromides with the retention of at 
least one bromine atom. The treatment 
of the iodine derivatives (162 pp.) follows 
a similar pattern of classification. 

Part B (98 pp.) is a review of the reac- 
tivities and conversions of chloride 
bromides, and iodides. The major portion 
of this section is devoted to the theories 
of the various types of reaction mecha- 
nisms involved in the replacement or 
substitution of halogen atoms together 
with the influence of structural variations 
of the reactivity of these groups. The 
last section deals with the elimination 
of halogens and halogen acids by a variety 
of reagents and conditions and the re- 
placement of halogens by other halogens, 
hydrogen, carbon-carbon bonds, etc. The 
author index contains about 9000 entries 
and the subject index lists over 4000 com- 
pounds. The literature is surveyed up 
to the beginning of 1958. 

This excellent monograph should be 
a welcome addition to the library of every 
university and research laboratory. An 
exhaustive survey of the literature of 
this type will enable research workers 
to explore conveniently the known varia- 
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Consider these Saunders Books 


for use in your 
basie chemistry courses 


New (2nd) Edition! 
Fischer-—QUANTITATIVE CHEMICAL ANALYSIS 


Combines the features of a text and a lab manual in a single book. 
The authors cover all phases of quantitative analysis—funda- 
mental principles, gravimetric and volumetric methods, optical 
and electrical methods. New material covers analytical 
balance; precipitation processes; neutralization reactions; 
complexometric titration; theoretical treatment of oxidation- 
reduction reactions. You'll find new experiments on optical 
and electrical methods. All drawings of equipment are com- 
pletely new. 


= ROBERT B. FISCHER, Ph.D., Professor of Chemistry, Indiana University. About 
‘6 pages, 61/3” x 91/4”, illustrated. New (2nd) Edition—Ready in April! 


Lee and Van Orden—GENERAL CHEMISTRY 


Designed for students who plan to take only chapters cover organic chemistry. 
one chemistry course. This basic text Organic compounds are discussed by 
begins with a review of matter in its functional groups—alkanes, alkenes, 
gross structure, then proceeds through alkynes, ethers, alcohols, etc. You'll find 
mixtures, compounds, elements, molecules descriptions of the appearance and func- 


. are studied i 
tions of more complicated components of 


groups as they appear in the Periodic 
Table, with more common elements petroleum, fibers, drugs and living organ- 


described specifically as examples of the isms. Questions, exercises and problems 
groups they represent. Concluding encourage student interest. 


By GARTH L. LEE, Pi.D., Associate Professor of Chemistry, 
Utah State University; and HARRIS O. VAN ORDEN, Ph.D., 
Professor of Chemistry, Utah State eee 637 pages, 6” x 
91/,”, with 218 illustrations. $7.25. ublished May, 1960. 


Lee and Van Orden— 


Gladly sent to teachers LAB MANUAL OF 
GENERAL CHEMISTRY 


27 experiments prepared for students who spend one 
3-hour period per week in the lab. To promote 
individual effort, there are many “unknown” 
quantities, physical properties or facts that 
each student must find and report independent- 


W. B. S$ A U N D E R S C 0 M é A N Y ly. Directions are explicit; illustrations are 
plentiful. Organic chemistry is emphasized. 
West Washington Square 
Philadelphia 5 


on approval 


& 


By GARTH E. LEE, Ph.D, end HARRIS 0. VAN ORDEN, 
1 1 tra 
Published May, 1960, 
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tions of reagents, conditions, alternative 

synthetic procedures, and reactions of 

all classes of halogen derivatives. The 

literary style is that of unadorned labora- 

tory directions, hence is easy to compre- 

hend even by workers with a limited 
knowledge of German. 

GrorGE HotMEs RICHTER 

Rice University 

Houston, Texas 


An Outline of Chemical Genetics 


Bernard S. Strauss, University of Chi- 
cago, Chicago, Illinois. W.B. Saunders 
Co., Philadelphia, Pennsylvania, 1960. 
ix + 188 pp. Figs. and tables. 16 x 
24cm. $5. 


The goal of the author is the presenta- 
tion of a unified, somewhat simplified 


picture of modern genetic theory. The 
book is designed, not for the professional 
geneticist, but for those workers in other 
scientific disciplines who have become 
interested in the stimulating, almost un- 
believable discoveries related to the mo- 
lecular events involved in the biological 
activities of the nucleic acids. 

The formal divisions of the book include 
chapters on the nature of the hereditary 
material, mutation as a chemical process, 
genetic control of protein synthesis, and 
mechanisms of protein synthesis. The ma- 
terial in a final chapter on human bio- 
chemical genetics seems artificially di- 
vorced from the major topics and might 
well have been distributed throughout the 
previous discussions, 

The author appears to consider the 
readers mainly as biochemists with limited 


GLACIAL 
ACETIC ACID 


REAGENT 


DU PONT REAGENTS 


AMMONIUM 
HYDROXIDE 


REAGENT 


give reproducible results, bottle after bottle 


You can depend on reproducible results with Du Pont Reagents bottle after 
bottle, shipment after shipment. Du Pont continuously runs its reagents 
through 113 separate analytical tests to keep them uniform for your most 


stringent requirements. 


To help you too, they’re always of the highest purity, exceeding Ameri- 
can Chemical Society standards. And you get the convenience of single- 
trip cartons, dripless sleeves, safety grips on 5-pint bottles, and color-coded 


caps and labels. 


Du Pont Reagents are readily available all over the country. Ask your . 


local laboratory supply house or write for list of suppliers. Industrial & 
Biochemicals Department, N-2345-JE, Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 
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training in biology. Accordingly, con- 
siderable familiarity with the chemistry 
of cellular processes is necessary for the 
appreciation of much of the discussion, 
and very little emphasis is given to the 
important physical and chemical proper- 
ties of proteins and nucleic acids. On 
the other hand, the basic principles of 
genetics are carefully reviewed, and the 
experimental approaches of biologists 
to the study of cell growth and replication 
receive considerable attention. These 
portions of the book are handled simply 
and clearly and are highly recommended to 
anyone whose background in these areas 
is deficient. 

Much of the remainder of the material 
is essentially a review, at times almost of 
catalog nature, of the important literature 
of modern chemical genetics. Here the 
limitations on the size of the book become 
apparent. The discussion of the sig- 
nificance of many experiments has been 
severely curtailed, often to the bare bones. 
This condensation of the material some- 
times makes for difficult reading and re- 
quires close attention for comprehension. 
Fortunately, references to the original 
publications are numerous. 

The greatest virtue of the book is its 
general emphasis on the nature of the 
experiments rather than simply on the 
conclusions of the experimenter. Its 
greatest deficiency is its general lack of 
critical evaluation in an area filled with 
conjecture. 

These criticisms are intended chiefly to 
indicate the scope and nature of the treat- 
ment. Viewed in the light of its limited 
purpose, the book has much to offer as 
a review for the novitiate of the major 
principles, problems, and experimental 
approaches of the rapidly expanding field 
of chemical genetics. 


James 
Michigan State University 
East Lansing, Michigan 


Ammonia, Manufacture and Uses 


A. J. Harding, Oxford University Press, 
New York, 1959. xiii + 41 pp. 14 
figs. 7 illustrations. 14.5 X 22.5 cm. 
$1.05. 


Electrolytic Manufacture of Chemicals 
from Salt 


D. W. F. Hardie, Oxford University 
Press, New York, 1959. xii + 73 pp. 
, Figs. and tables. 7 illustrations. 14.5 
X 22.5cm. $1.20. 


These volumes are the second and third 
in a series sponsored by the Imperial 
Chemical Industries Ltd. with the as- 
sistance of the Science Masters’ Associa- 
tion and the Association of Women Science 
Teachers. The books are intended to 
provide teachers and students with in- 
formation on current industrial practice 
in the British chemical industry. 

The pattern for each of these two 
volumes is about the same. A brief re- 
view of theoretical fundamentals is in- 
cluded. Then the very ‘practical aspects 
of the preparation of the raw materials 
and of the important steps in the processes 
are described. Appropriate diagrams and 
photographs are a part of these sections 
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COLLEGE CHEMISTRY: 


A Systematic Approach, second edition 


HARRY H. SISLER, University of Florida; CALVIN A. VANDER 
WERF and ARTHUR W. DAVIDSON; both, University of Kansas _ 
Revised for greater clarity and maximum teachability, the new edition of 


this well-known introductory text utilizes the structural basis of the prop- 
erties of matter as its guiding and unifying principle. Specific prop- 


erties of individual elements and compounds are shown to be predictable 


consequences of their atomic, molecular, and ionic structure. Throughout 
the text, the authors consistently emphasize the correlation of fact with 
theory. The new edition features: completely new treatment of chemical 
equilibrium; element-by-element discussion of the synthesis of new ele- 
ments; new chapter on rocket fuels and on the chemistry of life; 150 new 
illustrations; and a wide selection of problems of graduated difficulty. 


1961, 709 pages, $7.50 


GENERAL CHEMISTRY: 


A Systematic Approach, second edition 


HARRY H. SISLER, CALVIN A. VANDER WERF, and ARTHUR W. 
DAVIDSON 
Emphasizing the consistent correlation of the chemical and physical prop- 
erties of elements and their compounds with atomic and molecular struc- 
ture, this revised text is designed especially for students who expect to 
continue their studies in chemistry. Both the theoretical and descriptive 
sections have been brought up to date to conform with recent advances in 
the field. The latest developments in the chemistry of the newer elements, 
rocketry, plastics, and medicine are covered. 

1959, 851 pages, $7.25 


A SYSTEMATIC LABORATORY COURSE IN GENERAL CHEMISTRY, 


second edition 


Harry H. Sisler and Jay J. Stewart, E. I. Dupont De Nemours & Co., Inc., 
Wilmington, Delaware 


Spring, 1961 probable pages: 384 
probable price: $4.00 


TEXTBOOK INORGANIC 
CHEMISTRY 


S. YOUNG TYREE, University of North Carolina, and KERRO KNOX, 
Bell Telephone Laboratories 


Designed expressly for first courses in inorganic chemistry and requiring 
no background in physical chemistry, this text presents an over-all view 
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of the field, highlighting patterns of behavior among the elements. The 
material is organized according to groups of elements in the periodic table. 
For each element, the authors outline occurrence, history, preparation, 
physical properties, chemical properties, and compounds. Each chapter 
builds from fundamental data on the elements to introduction of related 
topics; throughout the text, the new systematic nomenclature is employed. 


1961, 434 pages, $7.00 


GENERAL CHEMISTRY 


LUKE E. STEINER, Oberlin College, and J. A. CAMPBELL, Harvey 
Mudd College 


“*. . . Many teachers should be challenged to try the volume in their own 
classrooms. ... The student is expected to think and learn rather than to 
merely memorize and possibly think . . . this volume proves that a new 
order of topics which breaks with tradition can be used to present effec- 
tively a sturdy framework for the study of chemistry. . .. This is an ex- 
ceptional text. It should be in the hands of every teacher of general chem- 


istry.” —Journal of Chemical Education 
1955, 676 pages, $7.25 


LABORATORY EXPERIMENTS IN GENERAL CHEMISTRY 


Luke E. Steiner and J. A. Campbell 
1955, 216 pages, paper, $3.95 


INTRODUCTORY CHEMISTRY, 


second edition 
LILLIAN HOAGLAND MEYER, Western Michigan University 


This inclusive text for non-chemistry majors contains abundant material 
on organic chemistry and biochemistry because of their importance in 
related fields. Professor Meyer’s simple and informal] presentation helps 
give students an appreciation of both the quantitative and qualitative as- 
pects of chemistry. Selected topics stress the practical application of basic 
principles. The new edition updates its information on textile and radio 
chemistry, and the chapters on the fundamental principles have been thor- 


oughly reworked. 
; 1959, 528 pages, $6.00 


LABORATORY MANUAL FOR INTRODUCTORY CHEMISTRY 


Lillian Hoagland Meyer 


1952, 114 pages, paper, $2.50 


PRINCIPLES CHEMISTRY, 


sixth edition 


JOEL H. HILDEBRAND and RICHARD E. POWELL; both, Uni- 
versity of California, Berkeley 


A direct, vigorous treatment of the basic concepts of chemistry, this noted 
text provides a sound basis for laboratory work and points up dynamic 
advances in the field. Written in a clear, vivid style, the text allows the 
teacher great flexibility in the organization of his course and correlates 
with any pattern of lecture and laboratory work. 

“Little fault can be found with the authors’ excellent presentation of 
the subject matter. Indeed, their discussion on various aspects of equilib- 


rium is a model of systematic presentation. . . . At the conclusion of each 
chapter a comparatively large number of good exercises are given with the 
answers included in the appendix.” —The Capital Chemist 


1952, 444 pages, $6.00 


LABORATORY 
EXERCISES GENERAL 
CHEMISTRY, 


J. AUSTIN BURROWS and OTTO M. SMITH, formerly of Oklahoma 
State University; and PAUL ARTHUR, Oklahoma State University 


Intended for beginning courses in college chemistry, this book provides 
well balanced laboratory exercises designed to complement theory portions 
of the course. The authors have stressed the application of principles to 
areas of student interest and the illustration of methods used by chemists 
in problem solving. Simplified, clear directions are a time-saving feature. 
The exercises are so arranged that increasing responsibility is placed upon 
the student as he progresses from earlier experiments to the later ones. 
A complete set of 76 practice problems is included in the appendix and 
short analytical experiments throughout the last two-thirds of the manual 
introduce the student smoothly and gradually to the analytical method. 


1952, 302 pages, paper, $4.00 


She Macmillan 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Distinctive CHEMISTRY texts 
from Allyn and Bacon College Division 


COLLEGE CHEMISTRY 


DONALD C. GREGG, University of Vermont 


In this text, the foundation of chemistry is con- 
structed logically and soundly in a manner which 
shows the student how to interpret phenomena and 
to predict chemical changes. The book uses a 
tested blend of facts, theories, and generalizations 
to give the student a firm understanding of the 
development and application of basic principles. 


A wide variety of common chemical facts are 
presented throughout the text, and emphasis is 
age on their origin, significance, and meaning. 

he major chemical principles are derived after 
evaluation of the specific facts; and, wherever 
possible, the student is shown how to use principles 
to predict facts correctly. 1961 


INTRODUCTION TO QUALITATIVE ANALYSIS 


DURWARD C. LAYDE, University of Wisconsin 


This new text presents qualitative analysis clearly, 
simply, and on a level which the average college 
student can readily grasp. It does not try to 
oversimplify the material, but rather to achieve 
lucidity through its organization, full explanations 
of often neglected topics (such as modern in- 


organic nomenclature and the chemistry of metals), 
and through laboratory procedures which bave been 
designed to work in the hands of the average 
student. Worked-out examples and numerous 
problems are included in each chapter. 

1961 


PHYSICAL CHEMISTRY 


WILLIAM F. SHEEHAN, University of Santa Clara 


This text presents a logical and rigorous treatment 
of classical and modern physical chemistry. 
Emphasizing thermodynamics as the basis of 
physical chemistry, the author thoroughly covers 
the principles and applications of the three laws of 
thermodynamics early in the text. His approach 
to the subject is one which achieves simplicity and 
rigor through the use of mathematics, with the 


logic of mathematics being preferred over word 
arguments. The latter chapters on modern 
physical chemistry cover quantum and wave 
mechanics, statistical mechanics, and chemical 
kinetics. Throughout the text, the author makes a 
definite effort to bridge the gap between chemistry 
and physics. 

1961 


ORGANIC CHEMISTRY 


ROBERT T. MORRISON and ROBERT N. BOYD 
—both New York University 

from a review in the Journal of Chemical Education 

*... the novelty of approach becomes immediately 
evident. A serious attempt is made to relate every 
fact of organic chemistry to theoretical principles. 
There is something about the style that is most 
refreshing; somehow the reader is taken to the 
inside of a chemist’s way of thinking. 

“The book contains excellent discussions on the 


relation of structure to physical properties. 
Methods of preparation and reactions are set out 
in tables before they are discussed, giving a useful 
overview of the types of reactions characteristic 
of a class of compounds. Formulas and diagrams 
are well set out. . .Of the recent spate of unconven- 
tional organic texts, the reviewer would rank this 
one as the best.” 


EXPERIMENTS IN GENERAL CHEMISTRY 


RUSSELL S$. DRAGO and THEODORE L. BROWN 


—both University of Illinois 


‘This is the best Lab. Manual I have seen in many years. It 
is concise and to the point and will certainly make the students 
work and learn something of chemisiry....I hope it gets the 
adoptions it deserves.’’ C. J. Brockman, University of 
Georgia 

“The drawings are clear. and excellently done. The selection 


of experiments is good... .The appendiz, well done.”” Frank 
P. Casseretto, Loyola University, Chicago 

“I am very impressed with the inclusion of some different 

experiments... . The means of calling attention to the principles 

involved is excellent.” Robert C. Nagler, Western Michigan 

University 


for further information write to: Arthur B. Conant 
6 ALLYN AND BACON COLLEGE DIVISION m4 


150 TREMONT STREET @ BOSTON 11, MASS. 
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FOR STUDENTS OF: 


agriculture, home economics, 


nursing, pharmacy, medicine, 
dentistry, or allied fields: 


A SHORT COURSE 
| ORGANIC CHEMISTRY 


2ND EDITION 


HAROLD HART 
and 


ROBERT D. SCHUETZ 


° Offers an integrated presenta- 
tion of aliphatic and aromatic 
chemistry 


Emphasizes the commercial 


and biochemical applications of 
organic chemistry 


Describes modern develop- 


ments in research 


Wlustrates with outstanding 


drawings and photographs 


346 pages 1959 $6.25 


Answers to Exercises and 
Problems available in a sepa- 
rate booklet. 


A COMPANION 
to the Hart-Schuetz text— 
A NEW EDITION OF 


A LABORATORY MANUAL 


FOR SECOND EDITION 


HAROLD HART 
and 


ROBERT D. SCHUETZ 
Featuring: 


© many new experiments 


e explanatory material preceding 
; each experiment 


e removable report sheets with 
questions 

e helpful appendix listing chemi- 
cals, special reagents, and appara- 


182 pages 1961 $3.25 
: HOUGHTON MIFFLIN COMPANY 
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of both books. The methods of handling 
the products are reviewed. One chapter 
presents chemical and physical properties 
of the products, and another has para- 
graphs on the major uses of these ma- 
terials. Each volume contains a sta- 
tistical survey of the industry being con- 
sidered: world production by the method 
of preparation, world production during 
the twentieth century, the pattern of 
uses for the substances (for the United 
States rather than for the United King- 
doms), and so forth. 

The book on electrolytic processes in- 
cludes a bit on the preparation of the 
chlorates, hypochlorites, caustic potash, 
hydrogen, oxygen, peroxygen compounds, 
and white lead, as well as rather extensive 
material on chlorine, sodium hydroxide, 
and sodium. This volume also has a 
historical review of the development of 
the electrolytic industry and a chronology 
of developments in this field, from the 
1800 observation by Cruikshank that 
chlorine is evolved when an electric current 
is passed through brine to the 1955 patent- 
ing of ion-exchange diaphragms for electro- 
lytic brine cells. Each ‘volume has a 
bibliography of about 20 entries. 

The level of diffictilty seems about right 
for interested students, but the style is 
factual rather than interest-evoking. A 
student who is writing a report on one of 
these fields will be delighted to find the 
appropriate volume available. A good 
body of detail difficult to find in other 
places is presented. For instance, one 
learns that the filling ratio—the ratio of 
the weight of chlorine in a cylinder to 
the weight of water required entirely to 
fill the cylinder—is normally 1.25 but is 
reduced to 1.19 if the chlorine is to be 
shipped to the tropics. Answers to un- 
usual student questions may well be found 
here. And an alert teacher can use many 
such details in the preparation of challeng- 
ing, “Why do they—?’”’ questions for 
examinations. 

These books are to be recommended 
for the school library even though they 
may not be widely read. 


Frank J. ForNorr 
Educational Testing Service 
Princeton, New Jersey 


Food Chemistry 


Lillian Hoagland Meyer, Western Michi- 
gan University, Kalamazoo, Michigan. 
Reinhold Publishing Corp., New York, 
1960. xiv + 385 pp. Figs. and tables. 
16 X 23.5 cm. College edition $6.75, 
trade edition $8.10. 


My general reaction to this text is one 
of considerable enthusiasm. It brings 
together the chemistry of basic raw foods 
and the structure of the plant and animal 
tissues in which they are found and relates 
both to organoleptic properties and 
changes during processing. It is a pleas- 
ant surprise to find reasonably adequate 
coverage from a chemical standpoint of 
such topics as post harvest changes in 
fruits, post mortem changes in meat, 
pigments of plant and animal tissues, 
rancidity and flavor reversion in fats, 
aldose-amine browning reactions, etc. 
in a book of this size. 

_ (Continued on page A204) 


EATON - DIKEMAN 


FILTER PAPER 
Used in 7 out of 
10 laboratories 


HERE’S WHY! 


@ Complete range — whatever rapidity, 
and retention characteristics you desire, 
chances are there’s a standard E-D paper 
available. Made with smooth or creped 
surfaces, in plain or fluted circles, in strips, 
or rolls, or cut to your individual require- 
ments. 


@ Highest purity — only the purest pulp 
available is used. 


@ Uniform quality — every step of the 
manufacturing process is carefully con- 
trolled and checked. 


e Excellent wet strength — special resins 
incorporated. 


© Complete technical service — whatever 
your filtering problem may be, Eaton- 
Dikeman with its broad background of 
more than seventy years of manufacturing 
filter papers exclusively, can probably 
solve it. 


Also available—papers for chromatography 
and electrophoresis, as well as bibulous and 
lens papers. Write 
for free samples. 


EATON-DIKEMAN CO. 
Mount Holly Springs, Pennsylvania 
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GENERAL CHEMISTRY 


William H. Nebergall and Frederic C. Schmidt, 
Indiana University 


This text is a thorough course in general chemistry at a challenging 

level. The strength of the volume lies in the outstanding organiza- 

tion and excellent balance between descriptive and theoretical D. Cc. HEATH 
chemistry. The book features the factor method of problem 

solving—a means which leads the student to a clearer under- AND COMPANY 
standing of the principles involved. 

734 pages $7.75 


For a solid foundation in chemistry 


COLLEGE CHEMISTRY 


William H. Nebergall and Frederic C. Schmidt, 
Indiana University 


Nearly identical to General Chemistry, this text differs in the organiza- 
tion of the section on metals, and has incorporated material on 


semimicro qualitative analysis. The authors take up the metals | 
in the order of their analysis groups, correlating the chemistry of a h 
the metals with the qualitative determination of their ions. 


Additional appendices supply information useful for laboratory 
work in semimicro qualitative analysis. 
796 pages $8.00 
Also available for use with either text—Nebergall, Schmidt: COLLEGE TEXTS 
SUPPLEMENTARY : PROBLEMS, and Nebergall, Hered: 
BASIC LABORATORY STUDIES IN COLLEGE CHEMISTRY 


-Leading Texts in Chemistry 


The Fundamentals of College Chemistry ¢ Third Edition 


G. Brooks King, The State College of Washington 
William E. Caldwell, Oregon State College 


This Third Edition offers an up-to-date, balanced presentation of theory and 
descriptive chemistry that features the early introduction of atomic theory and 
the interspersing of chapters of theory with descriptive chapters. 


Laboratory Experiments in General Chemistry 
King and Caldwell 


This flexible manual provides sixty-five experiments carefully selected to 
illustrate the principles of chemistry and teach the fundamentals of laboratory 
operations. 


A Brief Course in Semimicro Qualitative Analysis 
Caldwell and King 


This manual, planned primarily for use in general chemistry courses, begins 
with a review of fundamental theories that are later applied in the qualitative 
procedures. Anion analysis precedes the more complex and extensive analysis 
for cations. 


college pivision 


American Book Company ‘55 Fifth Avenue, New York 3, N.Y. 
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MODEL 8300 
Drench: shower and emer- 


gency eye-wash combina- 
tion. Pull ring opens slow- 
self-closing valve releas-— 
ing a torrent of water. 
.  Eye-wash is operated by 
oot treadle; twin foun- 
‘tain heads direct streams” 
of soothing _ into the 
eyes. 


for immediate 


.../n accidental 
body contamination 


Injurious chemicals are instantly washed away by the cascading 
water from Haws Drench Showers. Simple pull-chain or foot treadle 
valves release a sudden rush of water —saving valuable seconds until 
medical help arrives. Chances of permanent injury are minimized,- 
and insurance claims correspondingly lessened. HAWS Emergency 
Drench Showers are available in models to meet virtually any 
industrial need. WRITE TODAY — to find out the full story! 


DRENCH SHOWERS 


A product of 
HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street * Berkeley 10, California 
19 Columbus Ave., San Francisco 11, Calif., U.S.A. 


fw 


EXPORT DEPT.: 


W/O ATTACHMENT WEIGHTS 


CAPACITY 2610 Gram SENSITIVITY 0.1 Gram 
++ ++ATTACHMENT WEIGHT SET #707 


This handy weight rack fits under base of scale. 
Extends capacity to 2610 Gram. 1; price $ 5.50 


for complete 
information write for 


FREE bulletin... ... CORPORATION 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 


A204 / Journal of Chemical Education 


BOOK REVIEWS 


Probably in any text covering so wide 
a field there will be disagreement on the 
best selection of material. The first 
chapter in this book, concerned with such 
diverse subjects as the history of food 
chemistry, biological variability, and 
hydrogen bonding, seems poorly coordi- 
nated and might better be omitted. The 
discussion of eggs is relegated to a small 
section under proteins. There is no 
mention of fishery products; these might 
have been included in the chapter for 
meats. 

Nevertheless, this book will fill a long 
felt need as a text for advanced undcr- 
graduates (or even, with appropriate 
supplementation, for graduates) in schools 
of agriculture, food science and technology, 
home economics and applied chemistry. 
A previous course in organic chemistry 
is essential background. 

The easy, straight forward, explanatory 
style gives evidence that the published 
work in this field has been digested by the 
author. The information and interpreta- 
tions are up to date. The reference list 
is small but well chosen. Well selected 
illustrative material and liberal use of 
structural formulas are very helpful. 
The author has succeeded remarkably 
well in her stated purpose of ‘‘consolidat- 
ing the fundamentals of food chemistry 
with recent advances in the food in- 
dustry.”’ 


Berry M. Warts, 
Florida State University 
Tallahassee, Florida 


Thermal Engineering 


Harry L. Solberg, Orville C. Cromer, 
and Albert R. Spalding, all of Purdue 
University, Lafayette, Indiana. John 
Wiley & Sons, Inc., New York, 1960. 
xiv + 649 pp. Figs. and tables. 16 
+ 23.5cm. $9.50. 


This book is the second edition of a book 
originally published in 1946 and called 
“Elementary Heat Power.’’ It is a text- 
book for use in a course in thermodynamics 
for students of mechanical engineering. 

In the small fraction of subject matter 
with which most chemists would be fa- 
miliar, the authors of this book have 
presented the material clearly, exactly, 
and carefully. For example, they give a 
clear discussion of various systems; they 
define heat and work exactly, and to stress 
that heat and work are not properties of 
the system the authors use with the sym- 
bols of heat and work a 6 rather than a d; 
they are careful not to use the term “heat 
content’’ for enthalpy. 

With its many well-chosen illustrations 
and its excellent design, the book is an 
attractive one. So far/as a chemist can 
judge, it should make a good textbook for 
prospective mechanical engineers. 


W. F. Luper 
Northeastern, University 
Boston, Massachusetts 


J 
Model 730 

ONLY 


new... for 


Write for complete 
descriptive literature 
of these and other 
Hilger & Watts 
Scientific Instruments 


spectroscopic 


Large Aperture 
Monochromator for the 
U-V, visible, or I-R 


Provides wide range, .20 
microns to 26.0 microns; easy 
prism interchange; has excel- 
lent light-gathering power; 
no vignettes. 

Designed for use free stand- 
ing or on accessory bar. With 
optional Schwarz Thermopile, 
this monochromator can be 
used as an 1-R spectrometer. 
Two of these instruments, 
coupled, form an efficient 
double monochromator. 


Hollow Cathode Lamps 
gas sealed for 
operating ease 

Produce steady fine lines, 
ideal for reference spectra; 
with good emission from visible 
to U-V. Can be used for wave- 
length calibration, high 
resolution and atomic absorp- 
tion. Require no cooling. Range 
of cathode materials avail- 
able includes simple metallic 
elements as well as some 
radioactive isotopes. 


ENGIS eauipment company 
TH DEARBORN ‘ST. * CHICAGO 


TELEPHONE: HARRISON 7-3223 


ILIATED WITH HILGER & WATTS. It 


never before possible! 


introducing the new 
“TL” method after Stahl 


A major innovation in Adsorption Chroma- 
tography. 

“TL” is the abbreviation for the Thin Layer 
of adsorbent (specially prepared Silica Gel G) 
which constitutes the ‘‘open micro column" 
(250 thickness). 


With “TL” rapid chromatographic separa- 
tion on a MICRO scale of many compounds, 
especially LIPIDS, barbiturates, alkaloids, 
stereoids, and others is now feasible. 
Preparation for a test is fast and simple. 
Required sample volume is from 1 to 10 
m’, quantities from 0.1 to 500 gamma. 

Evaluation is by radioactive tracing methods 
or staining by spray reagents. The latter can 
be highly aggressive—permitting the use of 
reagents not suited to other methods of 
chromatography. 
Major applications for “TL” are in 

Pharmacy 

Toxicology 

Biochemistry 

Clinical Chemistry 

Organic (fat) Chemistry 


For full information, bibliography, and prices 
request bulletin 


BRINKMANN 


INSTRUMENTS, INC. 


115 Cutter Mill Road, Great Neck, N.Y. 
Philadelphia * Cleveland * Houston * Miami * Menlo Park, Cal. 
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Mi 
DUTY 
INSTRUMENT 


AGITHERM 


ONLY 


Hot Plate—Magnetic Stirrer 


New low cost—plus 

advanced design features 
Now you can heat and stir simultaneously 
with WACO AGITHERM. Heavy-duty in- 
dividual controls allow use of either stirrer or 
hot plate independently when desired. 


The 500 watt hot plate can be set thermo- 
statically at any temperature up to 900°F. 
Pilot light indicates when heat is on. The 
perforated stainless steel case assures cool 
operation of motor. Compact design, 614” 
diameter by 5” high. 

No. E-84500 Agitherm Stirrer Hot Plate, com- 
plete with one each glass and Teflon covered 
stirring bars 34 x 114”, for 115 volt, 60 cycle, 
$67.50 


ORDER NOW! 


Ay LABORATORY SUPPLIES AND CHEMICALS 
WILKENS-ANDERSON CO. 


4525 W. DIVISION ST., CHICAGO S51, ILLINOIS 
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Photometers 


Klett-Summenrson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 


amounts of these substances. 
_| L 
KLETT SCIENTIFIC PRODUCTS 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS e GLASS STANDARDS 


Klett Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


: 
a — 
No. 900-3 
| The Klett Fluorimeter 
| 


Modernize 
your laboratory 
with Cenco 


QUALITY EQUIPMENT 


HOT PLATE MAGNETIC STIRRER 


Combines an electric hot plate 
and magnetic stirrer which can 
operate independently or simul- 
taneously. Variable speed stirring 
is powerful enough to stir 250 ml 
beaker of pure glycerin. Heat con- 
trolled thermostatically. Top plate 
is 7%” of cast aluminum. 


$64.50 


CYLINDRICAL OVEN 


An all-purpose, econom- 
ical, three-shelved oven for 
incubation, drying, sterili- 
zation or baking. Precise 
control of temperatures 
from 37° to 200°C, with var- 
iations as slight as 0.25° 
sensed by built-in thermo- 
regulator. Chamber dimen- 
sions are 14%” diameter, 
11%” depth. Specify either 
115 or 230 volts. 


CENCO-LERNER 
LAB JACK 

This precise, utility sup- 
port quickly adjusts 
through an elevation range 
of seven inches and will 
support 100 pounds. Par- 
ticularly useful for support- 
ing hot plates, oil baths, 
and for accurate position- 
ing of ground glass joints. 
A removable auxiliary plat- 
form, eight inches square, 
increases work area. Comes 
with 17%” support rod. 


No. 19089..........$38.75 


For further information on Cenco's complete line of laboratory 
equipment, teaching aids and scientific apparatus, contact your 
nearest Cenco salesman, or write. 


CENTRAL SCIENTIFIC 


A Division of Cenco Instruments Corporation 


_1718-E Irving Park Road @ Chicago 13, Illinois 


eeeoe Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 

Quality Birmingham, Ala. Ottawa Vencouver Houston 
since 1889 Cenco $.A., Breda, The Netherlands Tulsa 


‘Perk up the Science Room 
New Tops, Fixtures 


and Furniture Specialties: 


Science rooms and laboratories get old and shabby. It 
is often surprising what new resistant tops, sinks, 
fixtures, and accessories can do 
for your present facilities. 


These items, as well as hoods, 
carts, and other science room 
Specialties are described and 
priced in LABCONCO’s new cat- 
alog FS. A free copy is yours 
for the asking. It is a real aid 
to anyone concerned with 
modernization, enlargement, or 
maintenance of a science room or 
_ laboratory. Mail the coupon today for your eopy. 


LABORATORY CONSTRUCTION CO. 
8811 Prospect, Kansas City 32, Mo. 


Please send me the Labconco catalogue of furni- 
ture specialties for science rooms and laboratories. 


NAME. 


SCHOOL OR 
INSTITUTION 


ADDRESS 


CITY. STATE 


LABORATORY CONSTRUCTION CO. 


8811 Prospect, Kansas City 32, Mo. 
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A widely admired first edition .. . 


“7 particularly like the way that the elementary concepts are presented; considerable care is 
taken to make these realistic and acceptable to a beginning student.”” Professor G. F. Kinney, 
U. S. Naval Postgraduate School, California 


“In illustrations and in general physical makeup it is far ahead of its field. It is also well 
written.” Professor Robert H. Harris, University of Nebraska 


“Tts clear, concise explanations, with plenty of illustrations, and the absence of typographical 
errors will make it easy for the student to understand and the instructor to teach.”” JOURNAL OF 
CHEMICAL EDUCATION 


... Now revised 


GENERAL COLLEGE CHEMISTRY 


SECOND EDITION, Charles William Keenan and Jesse Hermon Wood 


Published in February, this introductory text now includes more detail on atomic 
structure, a fuller treatment of the periodic table (both appearing earlier in the 
text), more work on atomic orbitals, two chapters on nuclear chemistry, and many 
new problems. 375 illustrations. 734 pp. $7.50. LABORATORY MANUAL (also 
revised) by William T. Smith, Jr. and Jesse Hermon Wood. For use with this or 


any other introductory text. 228pp. $3.25 


Harper & Brothers ¢ 49 East 33d Street, New York 16, New York 


angs for 
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$3°° each (postpaid! 


10-19 copies . . . $2:65 ea. (postpaid 
206 double size pages more $2.25 


Now Availalle... 


2nd Printing 
SUPPLEMENTARY READINGS FOR 


CHEMICAL BOND APPROACH 
Complied by ROBERT K. FITZGEREL 
and WILLIAM F. KIEFFER, Editor 
JOURNAL OF CHEMICAL EDUCATION 


*‘These articles continue from the point a textbook is 
forced to stop” . . . ‘““You have under one cover the best 
collection of articles to stimulate students to seek answers 
on their own that I have ever seen”. . . ‘‘I am pleased to 
find so many of the excellent summaries of modern theory 
which have made the Journal indispensable to me and my 
students.” 

Comments like these have prompted our making available 
to an unrestricted market the volume of ‘‘Supplementary 
Readings” originally compiled for use as resource material 
by those engaged in the NSF-sponsored experimental 
course, ‘“The Chemical Bond Approach.” 

Old friends of the Journal will find some classics such as 
Fernelius and Robey’s ‘‘Metallic State’ (1935), the De- 
Vault series (1944), Campbell on “‘size’’ (1946), Noller on 
“‘orbitals’”’ (1950), etc. ew friends will find 1959 favorites 
such as the articles by Taube, Price and Kimball and Loebl. 


Many modern interpretations of chemical bonding are 
developed further than usually found in textbooks. The 
variety of approaches is itself stimulating to the inquiring 
reader. The obvious feature common to the whole col- 
lection is that these have been written by authors whose 
successful experience with students has shaped their 
presentation. 


CHEMICAL EDUCATION PUBLISHING COMPANY 
20TH AND NORTHAMPTON STREETS @ EASTON, PENNSYLVANIA 
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rods are grip 
Spindle whic 


for stirring resins & highly viscous materials 


CON-TORQUE STIRRER 


7225 Con-Torque Stirrer provides constant torque 
throughout its speed range. . 0-400 r.p.m., mak- 
ing it ideal for use in resin reactions and stirrin 
highly viscous materials. Glass, plastic or meta tal 
d by special two-chuck Hollow 
rotates thru 360° in the vertical 
plane. Overall 1242” x 8%” x 7”. 115 volt, 
60 cycle. Price, exclusive of laboratory support 
$160.00 


7265 Like 7225 but without Hollow Svlate or 
right angle gear head. Price..............-. $130.00 


Eberbach 


CORPORATION 


7265 
P.O. Box 1024 Ann Arbor, Michigan Con-Torque Power Unit 
WA RS CHROMATOGRAPHY ¢ LIQUIDS 


RECORDING DIFFERENTIAL 
REFRACTOMETER 


REFRACTOMETER BUILT WITHIN 
RECORDER CASE 


FULL SCALE RANGES—0O.0005 TO O.2 


SENSITIVITY O.OOOOOO 7 


SALINITY 


* RESEARCH 


REFRACTOMETERS 


BRIX QUALITY CONTROL 


DIGITAL INDICATING 

DIFFERENTIAL REFRACTOMETER 

FULL SCALE RANGES—0.0005 TO 0.2 R.I. 
SENSITIVITY ©.0000005 R.I. 
CASE 12 IN. X 5 IN. X 7 IN. 


BULLETIN 3+1770 DIGITAL REFRACTOMETER 
BULLETIN 2-1660 RECORDING REFRACTOMETER 


WATERS ASSOCIATES 
45 FRANKLIN ST. 
FRAMINGHAM, MASS. 
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Acenaphthylene; Acetobromoglucose, '- Acetonedicarboxy’ ig Acid 
Aconitic Aas — rochloride; denosine Diphosphate, 
Adonidine; Alan Iglycine; Alkaloids; 4: A Amylase; 
Anserine; Ar. achi ic Acid; Arachidon 


1-Argini 
o-Arsanilic Acid; Atropic Acid; — Behenic Acid; Carbo- 
joride; Carnosine; Catalase cryst Cerotic Acid; 
Ceryl Alcohol; a-Chloralose; py 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circule- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin,, Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; thylpyridinium 
ide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraide 
= Glycyltyrosine; Heparin; Hexo- 


A 


lordihydroguaiaretic Acid; 
banic Acid; Peroxidase; Phenolahthalein Glucuronide; 
Phenylpyruvic Acid; P' Acid; Pregnenolone; 
Protocatechuic Acid; Pyri Reductic 

Acid; Sodium Amide; Sodium Pecsssccteies Sphingomyelin; Sphin- 
gosine; Stilbemidine; Sulfaquinoxaline; Tantalum Chloride; 0-Ter- 
phenyl; m-Terphenyl; Acid; 8-Tocopherol; 

-Tocopherol; Ph y-Tocopherol Phosphate; 
Trigonelline Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 
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s 23 West 60th St. New York 23,N.Y. 
Telephone PLaza 7-6317 


4 


DELTA CHEMICAL WORKS ic. 


auatlabl | 


COMPACT 


MAGNETIC 
STIRRER 


A compact magnetic stirrer, only 
2%" diameter and 7” long, with 
mounting rod for clamping to ap- 
paratus for stirring at any angle, 
in open or closed vessels, under 
vacuum or pressure. 


Adaptor available for mounting 
stirrer in ring stand. For heating 
while stirring, stirrer mounts in spe- 
cial hotplate. 


MS—Stirrer .................... $35.00 
MH—Hotplate ........... 35.00 
“MR—Adapter .............. 2.50 


For bulletin write Dept, CE3 


TRI-R INSTRUMENTS 


Developers of Electronic and Mechanical Instruments for Scientific Research 


144-13 JAMAICA AVENUE, JAMAICA 35, N.Y. 


A210 / Journal of Chemical Education 


TEN YEAR CUMULATIVE INDEX 


sournat of Chemical Education 


Volumes 26 through 35 
(1949-1958) 


This index has been prepared with the special 
interests of the J.-Chem.-Ed. user in mind. 
Not only are the conventional entries made by 
author, title, and inverted title, but many sug- 
gestive subject listings have been used. For ex- 
ample, reference to an article entitled “Infrared 
Spectra of Chemisorbed Molecules” can be 
found under “acetylene,” one of the com- 
pounds discussed. Preparation of the index 
involved hundreds of hours of careful checking 
not only of annual indexes, but the original arti- 
ticles for subject content. 


For the busy teacher the index will be a valu- 
able time saver. Students will find it to be an 
excellent place to start on a term paper assign- 
ment. For those preparing text or laboratory 
materials it will be an indispensable first-place- 
to-look for reference to both J. Chem. Educ.- 
type review articles and to reports of successful 
experiments in teaching. The more than 5000 
subscribers who have begun their personal files 
of the Journal in recent years will find that this 
one small volume puts extra years of the “living 
textbook of chemistry” on their shelves. 


per copy 
(POSTPAID) 


Special offer 


SAVE $2,0° 
10 year Cumulative Index 
$2.50 
25 year Cumulative Index 
$4.00 


Buy both for only $4.50* 


* A limited number of copies of the 25 year Cumulative 
Index have been set aside for this special offer. Take 
advantage of this saving by ordering today! 


CHEMICAL EDUCATION PUBLISHING CO. 


20th & Northampton Streets * Easton, Pennsylvania 
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ye UNBREAKABLE POLYETHYLENE THISTLE TUBES, BUCHNER 
FUNNELS, CHEMICAL FUNNELS. External ribbing prevents air- 
lock. Used in general chemistry by many of our largest universities. 


%& VOLUMETRIC FLASKS, Blue Line. Calibrated to contain, with 
ground stopper. From 10 to 2000 nil. sizes. 


ye FLASK UNDERLAY. Supports 250 ml and 500 mi flasks. Made 
of black neoprene. Heat and flame resistant, non-skid wet or dry. 


%& COMPLETE LINE OF IRON RINGS AND SUPPORTS. Concentric, 


extension, rectangular, and triangular. Supports are zinc plated. 


These items plus our regular line of laboratory supplies (burettes, 
graduated cylinders, pipettes, filter paper, marking pencils, 
chemical thermometers, hand centrifuges, rubber stoppers, test tube 
racks and brushes, clamps, rubber cylinder protectors, etc., etc.) 
are described in our new catalog. 

WRITE FOR YOUR COPY TODAY. 


All items available for quick delivery at advantageous prices. 


THE 
INDUSTRIAL & SCIENTIFIC INSTRUMENT 
COMPANY_. 


5225 GERMANTOWN AVE., PHILADELPHIA 44, PA. 


HELLER 


ELECTRONIC 


CONTROLLED 


@ CONSTANT TORQUE 


VARIABLE DC SPEEDS FROM AC LINES ) 


@ Thyratron tubes on the Heller _viscous or fluid. Variable, i 


Model C THERMOWELL Heater* with POWERMITE Control 
e 
* 


@ use also as air bath, coffee warmer, etc. 


rugged, efficient, low-cost, and safe! 
temperatures to 600° C. (1200 F.} 

designed for convenience, flexibility 

no burn-outs, no melting insulation 

dry-flask voltage is 120 volts for all sizes ‘ 
used in major labs everywhere 

perfect support for round-bottom flasks 
operate directly on bench, ring, or covered ring 


Three types of power connections are available: 
Model C: 3’ integral cord, standard male plug 
Model N: 1” cord, twist-lock male plug, 2-wire. Requires 2-wire 3’ attachment 
cord, extra at $1.00. 
Model N-3: 1” 3-wire cord with twist-lock male plug (add $1.25 per unit). Re- 
quires 3’ attachment cord, 3-wire, and state if male p!ug hot prongs are parallel 
or at an angle ($2.75 each). 


Prices of Model C and Model N THERMOWELL heaters 


GT-21 controllersupply demanded ble motor has direct and gear 


current by converting power in drive. Armature shaft speed, 
stepless variation to the direct 0-5000 rpm. Gear shaft 18:1 ratio. 
current motor. Assures constant Chuck, shafts, 3-step pulley 


torque as mhixes become either included. 


Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


ad 2673 South Western Street © Las Vegas, Nevada © P. 0. Box 4426 


9.00 | 9.00 | 9.50 | 10.00 | 11.00 | 12.00 | 13.00 | 13.50 | 16.00 | 19.00 | 23.50 
120v.| 50 | 65 90 | 150 150 | 230 | 240 | 240/| 340 | 450 | 650 


fen 10 | 25] 50 | 100 | 125 | 200 | 250] 300] 500 | 1000 | 2000 


[ 5000] 
34.00) 
950] 


Operate THERMOWELL heaters directly on the bench, or, for elevated setups place heater on bare ring or 
preferably cover ring (fasten to ring) with sheet metal, asbestos board or even wood. Use tripod for large 
sized heaters. We sell low cost supports — write for more information. 


POWERMITE stepless “on-off” type control, with 5’ cord, fuse, pilot light, weighing 
only 10 oz., ideal for precise and’ remote control of small ovens, muffle furnaces, 
immersion heaters, hot plates, etc. Power at line voltage is metered to appliance. 
Automatic compensation for large variations in line voltage. Rated 1300 watts (115 
v.a.c.) for 0-100% “on” time, 1500 w. for 0-85% “on” time. Price $12.00 each 


Order direct from .. . *Pat. No. 2,945,114 


LABORATORY CRAFTSMEN P.O. Box 184 Beloit, Wis 
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EQUIPMENT CHEM ED BUYER'S GUIDE SERVICES 
EQUIPMENT SERVICES 
CRYSTAL LATTICE MODELS 
all-polyethylene © Ball and Spoke set. 50balls {rate 


WASH BOTTLES 


SQUEEZE — 
THAT’S ALL 
Get the ng you 
want. Can’t break 


-won’t slip. It’s 
unaffected by 
strong acids or al- 


kalies. Specified 
for use by labora- 
tories everywhere 


overnment, insti- 
tutional, industrial. 


ONLY ANSELL-PLAX, FIRST POLYETHYLENE 
WASH BOTTLE, HAS THE PATENTED* 
DISPENSING ASSEMBLY THAT MEANS 


e NO LEAKING, SEEPING OR NECK SPRAY 
EASY REMOVAL OF CAP 


4, 6, 8, 16 & 32-0z. sizes. 
packed in individuai set-up 
your lab supply house or write us directly. 


*fitment covered by U.S. Patent #2783919 


| 
bo 


S. H. ANSELL & SON, INC. 


825 Summer St., Boston 27, Mass. 


COPPER FORMATE 
COPPER META VANADATE | 
DIBENZYL SUCCINATE 
Some of the many special chemicals we | 
manufacture 
Write for our list of rare chemicals | 
CITY CHEMICAL CORP 
132 W. 22nd St. New York 11, N.Y. 


ee OVER 18, 000 


CHEMICALS 


e Strontium Salicylate 
e Strontium Thiocyanate 
e Succinylcoline Chloride 
e Syringaldehyde 

e Tagatose, d 

e Talose, d 

e Tantalum Carbide 

e Tantalum Nitride 

e Tartronaldehydic Acid 

@ Tellurium Tetrabromide 
e Tellurium Tetrachloride 
e Terbium Oxide 
e Tetrabromostearic Acid 

e Tetrabromo-o-xylene 

e Tetracene 

e Tetrahydroanthracene 

e Tetrahydro-a-furoic Acid 

e Tetrahydro-p-quinone 

e a-Tetralone 

e Tetramethylurea 

e Tetraphenylethylene 


ASK FOR OUR NEW 


'BIOS) {COMPLETE CATALOGUE 


17 West 60th’ St., New York 23, New York’ 
Plaza 7-817) 
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lattices. 


spokes 


J. K 


NAPHTHALENE 


with 26 holes a each ball 
with 100 split pokes, for as- 
sembling all 


e School Set, for visualizing 
basic chemical compositions. 


The permanent models are made from wooden balls, 
1 inch in dia., with glossy paint, connected with 


tions of stereochemistry. 


e Set of 14 translational lat- 
tices, (Bravais) 


© Set of 18 lattices (Menzer) 
e 11 basic crystal 


ic crystal 


¥% inch thick. 
Write for price list 


LINGER 


82-87 160TH STREET 
JAMAICA 32, N. Y. 


SPECIFY KERN 


When you want to 
combine accuracy 
and efficiency in a 
sturdy instrument 
at a moderate price 


KERN 


FULL-CIRCLE 


POLARIMETER 


available through your lab supply dealer 
Ask for Bulletin KP 567 


KERN COMPANY 33 


New York 38 


capillary me nt appara- 
in ony 6 minutes. 
MEL-TEMP is useful to 500°C 
and renders obsolete the usual 
combination of hazardous fiuid- 
bath plus sluggish high 
temperature block. Heater is 
controlled by variable  trans- 
former and excellent viewing is 
by built-in light and 
lens. Attractive gray hammer- 
tone base occupies only 4”x5”. 


onty $97.50 includes 
400°C thermometer and m.p. capillar- 
jes. F.0.B. destination in U.S.A. from stock. 


Bulletin 60 


His Influence on 


Williams Morley, professor of 


The reader seems to be transp 


chemists and other scientists. 


today, the nineteenth century. 
feeling of affection and admiration for his subject and in turn this 
feeling is passed on to the reader. From this biography, the reader 
will know not only Morley the scientist but also Morley the man.” 


Easton, Pennsylvania 


77" biography of one of the 


immortals in science..... 


EDWARD WILLIAMS MORLEY 


Science in America 


by Howard R. Williams 


“‘This is the biography of one of the immortals in science, Edward 


chemistry and natural history from 


1869 to 1906 at Western Reserve College and University.” 


“This biography tells not only of scientific achievements but also 
portrays the character and human qualities of a truly great man. 


lanted to a very different period from 
The author writes his story with a 


“This book is recommended to the many who enjoy biography, to 


Students in high school and college, 


when the going is sometimes hard, will be inspired in their own work 
by the examples of Morley’s victories over discouragements and by 
his devotion to scientific pursuits. With its good format, typography 
and binding, the book might well be a most acceptable gift. It 
should find a place in all public and school and university libraries as 
well as on the shelves of most chemists.” 


NORBERT A. LANGE, Marion Cleaveland Lange 
Journal of Chemical Education, March, 1958 


$6-5° 


CHEMICAL EDUCATION PUBLISHING CO. 


Write for LABORATORY DEVICES 
P.0. BOX 68, CAMBRIDGE 39, MASS. 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


198 Broadway 


RARE cuemicacs 
SCANDIUM OXIDE, 99.9% (Any Quantity) 


Send for New Lists 


A. D. MACKAY, INC. 
New York 38, N. Y. 


Disposable 
Paper Beaker 


(Graduated) 
For weighing and mixing 
polly mixing sam- 


mers, jut 
adhesives, heavy oils. 


100 ml. size 


Use and throw away—save time 


Trial lot of 50 beakers $2.00 
500 for 12.50; 1000 for 22.00 


Now available: 400 ml. size 
Trial lot 50 beakers Py +4 
200 8.00 
500 42:50 
Samples on request 


R. P. Cargille Laboratories, Inc. 
117 Liberty Street, New York N. Y. 


o-lodo biphenyl 


B- GUARD 


WIDE-ANGLE PROTECTION 180°/:6L° 


Send for Catalog 


RESEARCH and 
INDUSTRY 
CHELTENHAM, PA_ 


for 
T 


TEMPERATURE 
CONTROLLER 


INSTRUMENTS for 
RESEARCH ond 
INDUSTRY. 
CHELTENHAM PA 


with THERM-O-WATCH- 


MANOMETER can 


INSTRUMENTS for 
RESEARCH ond 


De You Need: 
Analytical Grade 
Ion Exchange Resins? 


(Prepared from Dowex Resins) 
ASK FOR PRICE LIST CM 


Laboratories— 


32nd & GRIFFIN AVE. « RICHMOND, CALIFORNIA 


De You Need: 
Cellex Cellulose Ion 
Exchangers? 


(For fractionation of proteins, nucleic acids, and enzymes) 
ASK FOR PRICE LIST CCX 


Laboraterces— 


32nd & GRIFFIN AVE. » RICHMOND, CALIFORNIA 


RARE and FINE ORGANICS 


o-Amino biphenyl 
o-Bromo bipheny! 


o-Nitrobipheny! 
Carbobenzoxy chloride 
Crotonitrile 


p-Hydroxy phenyl arsonic acid 
Nitroso methyl urea 
Pyridine-2, 3 & 4-Aldehydes 
Tetra hydroxy adipic acid 


Incorporated 


Formamidine Acetate 
3-Methoxycyclohexene 
Also Custom Syntheses 


FRINTON Laboratories 
Box 707, Vineland, N. J. 


| Xyleno! Orange, Methylthymol Blue, | 
Zincon, and other Indicators for | 


| EDTA Titrations i 
| Write for New Catalog. 
LAMONT LABORATORIES I 


{5002 West Mockingbird Lane Dallas 9, Texas | 


DEMINERALIZED WATER 


from 
TRICKLES to TORRENTS 


Plenty of 
99.9999% 
Pure Water 
For Class Use 


CABINET MODEL — up 

to 100 gals. per hr. houses 

purifying cell or mixed-bed 

ion exchange resins. When 

austion, 

cell is returned to tactory for 


and 
water at faucet-flow delivery. D-Ion Master 


Write for descriptive literature 


ION EXCHANGE PRODUCTS, INC. 
4985 N. Elston Chicago 30, Ill. 


New Reagent... 
IODINE TITRATION 
INDICATOR 


Readily Soluble 
Dissolves Instantly in Water 
Write for Procedure and Prices 


EASTERN 


34-A Spring St., Newark 4, N. J. 


“STANDCO”’ 


VARIABLE SPEED 
LABORATORY 


STIRRER 


A precision made High Quality 
with Hollow “Shafts 


( speed approx. 18-270 RPM 
- 2 High Speed approx. 180-2260 RPM 


With increased power 
at Weeds. 


Rugged and compact with 
many outstanding features. 


BULLETIN 1002 


HERMAN H. STICHT CO., INC. 
27 PARK PLACE,NEW YORK 7,N.Y. 


CHEMICAL CORPORATION 


LABORATORY 
| MIXER 


Propeller — stainless 
steel, 

Shaft — stainless steel, 
diameter 

RPM — variable speed 
motor, 5,000 RPM without 


load 


shaft 
Weight—15 Ibs. 

Delivery — immediate 
shipment from stock 


PRICE 
$32.50 


SPECIAL FEATURES — _F.0.8. FACTORY 
operate. 


Shipped ready to 


TERRISS-CONSOLIDATED 
INDUSTRIES 


’ 22 WOOSTER ST., NEW YORK 13, N. Y. 
TELEPHONE: CAnal 6-7410 
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Academic Press, Inc..........A163 & A164 


Ace Glass, 
Agency: Heller Creative Adv. 


Ainsworth & Sons, Inc., Wm........ 
Agency: Walter L. Schump, Adv. 


Allied Chemical. 
Agency: Benton & Bowles, Inc. 


Allyn & Bacon, 
Aloe Scientific Division of A. S. Aloe 


Agency: Frank Block Associates 
American Book 
American Hospital Supply Corp., Sci- 

entific Products Div...........-. 

Agency: Alez T. Franz, Inc. 


American Sterilizer 
Agency: Altman-Hall Associates Adv. 


Anton Electronic Laboratories, Inc... 
Agency: Molesworth Associates 


Appleton-Century-Crofts, Inc....... 


Atlas Powder 
Agency: B. K. Davis & Bros., Adv. 


Bausch & Lomb Optical Co......... 
Agency: Wolff Associates, Inc. 


Beseler Co., 
Agency: Marwell Advertising, Inc. 


A172 


A158 


A168 


Boekel & Co., Inc., Wm.............-A175 


Agency: Lethen Advertising 


Brinkmann Instruments, Inc........ 
Agency: Robert M. Marks & Co., Inc. 


Buchler Instruments, Inc........... 
Agency: Firestone Adv. Agency 


Central Scientific 
Agency: Marsteller, Rickard, Gebhardt & 
Reed, Inc. 


A207 


-Chem Ed Buyers’ Guide......A212 & A213 


Coleman Instruments, Inc.... aon A182 


Agency: Hollander & Weghorn 
orrow 


Coors Porcelain 
Agency: Galen E. Broyles, Adv. 


Corning Glass Works.............. 
Agency: The Rumrill Co., Inc. 


Crescent Dental Mfg. Co........... 


Daigger & Co., A.. . 
Agency: Tobias, O'Neil Galloy, Inc. 


Delta Chemical Works............. 


Agency: Miller Advertising Agency, Inc. 


Doerr Glass Co......... 
Agency: George F. Walsh. Adv. Agency 


DuPont DeNemours & Co., Inc., E.I., 

Industrial & Biochemicals Dept.. 

Agency: Batten, Barton, Durstine & 
Osborn, Inc. 


DuPont DeNemours & Co., Inc., E. I. 
Agency: N. W. Ayer & Son, Inc. 


Eastman Kodak 
Agency: The Rumrill Co., Inc. 


Eaton-Dikeman 
Agency: Larcom Randall Adv., Inc. 


Agency: Drury, Lacy, Ferguson, Inc. 


Engis Equipment 
Agency: Central Advertising Service 


A187 


Fisher Scientific Co..........BC & A166—67 
Agency: Fuller, Smith & Ross, Inc. 


Gow-Mac Instrument Co........... A152 
Agency: George Homer Martin Asso- 
ciates 


Greiner Co., Emil................. Al4l 
Agency: Fairfaz, Inc. 


Hallikainen Instruments............ A146 
Agency: Adkins Co. 


Harper & Brothers................ A208 


Haws Drinking Faucet Co.......... A204 
Agency: Pacific Advertising Staff? 


Heller Co., Gerald K............... A211 
Agency: The Roman Adv. Agency 


Houghton Mifflin Co............... A202 


Industrial & Scientific Instrument Co. A211 


Industrial Instruments, Inc.......... A162 
Ageney: Austin C. Lescarboura & 
a 


Instrumentation Associates......... A171 
Agency: A. D. Norbeck Co. 


Interscience Publishers, Inc......... A191 
Agency: Henry E. Solloch Adv. Service 


Johns Manville..............A180 & A181 
Agency: Cunningham & Walsh, Inc. 


Agency: The Schurr Co. 


Laboratory Construction Co......... A207 
Agency: Valentine-Radford, Inc. 


Laboratory Craftsmen............. A211 


Landsverk Electrometer Co......... A140 
Agency: Geyer, Morey, Madden & 
Ballard, Inc., Caples Div. 


LaPine Scientific Co............... A153 
Agency: R. P. Kirkgasser Adv. 


Macmillan Co., The............A197—A200 
Agency: J. M. Hickerson, Inc. 


Matheson Co., AlS7 
Leonard Sive & ‘Asséciates, 
ne 


Matheson, Coleman & Bell, Inc..... A188 
Agena: Leonard M. Sive & Associctes 
ne. 


Mettler Instrument Corp........... A173 
Agency: Harold Cressingham Adv. 


McGraw-Hill Book Co., Inc......... A193 


Nalge Co., The..... 
Agency: Wolf Associates, Ine. 


Nuclear Chicago.............Al44 & Al45 
—e Sidney Clayton & Associates, 
ne. 
Nuclear Measurements Corp........ A140 
Agency: Rohr Advertising, Inc. 
Nucleonic Corp. of America......... A149 


INDEX 


ADVERTISERS’ 


Ohaus Scale Corp.................. A204 
Agency: Robert M. Baldwin Co. 


Parr Instrument Co................- A215 
Agency: F. weno Hills Adv. Service 


Phoenix Precision Instrument Co. 


Plomoor 
Agency: Bridges-Sharp & Associates 


Precision Scientific Co.............. A150 
Agency: Raymond Wiggers Adv. 


Radiation Instrument Development 


Row, Peterson & Co............... A192 


Sargent & Co., E. Al34 
Agency: Kreicker & Meloan, Inc. 


Sounders W. AOS 


Schleicher & Schuell Co., Carl....... A165 
Agency: Wildrick & Miller, Inc. 


Standard Scientific Supply Corp..... A156 
Agency: Firestone Adv. Agency 


Technical Measurement Corp....... A142 
Agency: Culver Adv. Inc., & Walker B. 
Snow & Staff, Inc. 


Thermal American Fused Quartz Co.. A156 
Agency: Asher, Godfrey & Franklin, Inc. 


Thomas Co., Arthur H............. Al3l 


Torsion Balance Co................ A185 
Agency: Michel-Cather, Inc. 


Tracerlab, Inc........... 
Agency: Culver Adv., Tne. "Walter B. 
Snow & Staff, Inc. 


United Nations, U.N. Sales Section.. A161 
Agency: Molesworth Associates 


U. S. Stoneware A169 
Agency: Ralph Gross Adv. 


Van Nostrand Co., Inc., D.......... A216 
Agency: R. W. Westervelt & Co. 


Varian Associates, Instrument Di- 
Agency: Boland ‘Associates 


Voland & Sons, Inc................ A160 
Agency: Fairfaz, Inc. 


Waters Associates................. A209 
Agency: Studio D 


W. M. Welch Scientific Co., Div. 
W. M. Welch Mfg. Co... “AITL A190 
Agency: H. A. Hooker Adv. 


Agency: N Ine. 


Wilkens-Anderson Co.............. A206 
Agency: Mandabach & Simms, Inc. 


Wilkens Instrument & Research, 
Agency: Industrial Literature Service 


Will Corp. & Subsidiaries.......... 
Agency: Scrivener & Rice, Inc. 
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Gyratherm Jr. 


New Junior Model—new low price 


Rugged combination 6” hot plate—mag- 
netic stirrer. Similar performance to Sen- 
ior 8” Gyratherm. Separate stepless heat 
and speed controls. Range to 650° F. 


Gyratherm Junior (650 watts) 
Will No. 25230N .... $75.00 


PARR Gilorimetric 


Thermometers 


Have you ever examined a Parr 
calorimetric thermometer? If so, 
you have noticed the careful 
workmanship in the glass and 
the uniformly fine engraving. 
You have also seen the indivi- 
dual test certificate and correc- 
tion chart which accompanies 
each instrument, reporting cali- 
bration against an NBS certified 
platinum resistance thermometer 
at a number of points along the 
graduated scale. 


All Parr calorimetric thermo- 
meters are approximately 24 in. 
long, with 7.0 to 8.0 mm. dia. 
stems. They are made to rigid 
ASTM and Parr specifications, 
incorporating all of the features 
mecessary for best accuracy in 
combustion calorimetry. Both F 
and C scales are available. Nos. 
1611 and 1613 have NBS cer- 


tificates, others are . certified 


Gyratherm Senior (850 watts) by Parr. 


Will No. 25225 .... $115.00 


Cat No. ASTM No. Range Sub-Div. 
1601 56F-56T  66-95F.  .OSF. 
160 65-105 F 05 F 


1603 56C-56T  19-35C. 02C 
1611 56F-56T  66-95F. .05F. 
WII CORPORATION 1613 $6C-56T 02. 
and subsidiaries Order from your Parr Dealer, or write direct jor information. 
e Rochester 3,N.Y. New York 52,N.Y. Buffalo 5, N.Y. 


o Atlanta 25, Ga. © Baltimore 24, Md. So. Charleston 3, W. Va. P ARR INSTRUMENT CO. 


MOLINE, ILLINOIS 


Extremely refractory 
and inert to most reagents. 


There is a Coors shape and size designed for many of the 
basic laboratory operations. For ignitions or fusions 
the high form #230 or the wide form #250 conventional 
crucible. For filtration, washing and drying or 
ignition the #270 Gooch crucibles and the Porous 
Bottom Crucibles #765, #767 or #769. 

Special service crucibles include the #350 Bitumen 
crucible, the #390 cylindrical crucible, the #300 
Caldwell crucible and the #400 Glass pot crucible. 

Coors Crucibles are economical to use—they 
can be used in more operations than 
apparatus of other material, Coors Crucibles 
are immediately available through your 
laboratory supply dealer. 


600 Ninth Street 
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for Duality 


ELEMENTS OF PHYSICAL 
CHEMISTRY, 2nd ed. 


by SAMUEL GLASSTONE, Consultant to the U. S. 
Atomic Energy Commission, and DAVID LEWIS, Asso- 
ciate Professor of Chemistry, The City College of New York. 


“This second edition of Glasstone’s ‘Elements’ is a con- 
siderably more extensive revision than many ... Asin the 
first edition, the format is attractive and convenient, the 
exposition is clear and easy to follow, and answers are 
given to all problems. In summary, this reviewer feels 
that the book is on a par as a text with the best of the 
‘standard’ physical chemistry texts.”’ E.C. Lingafelter 
of the University of Washington in Journal of Chemical 


FIRST PRINCIPLES 
OF CHEMISTRY 


by M. D. TAYLOR, Professor of Chemistry, Howard 
University. 


‘“‘A novel periodic table, emphasis on mathematics,?’and 
introduction of a fair amount of physics are the impor- 
tant features of First Principles of Chemistry . . . A tre- 
mendous amount of data is summarized in over a hun- 
dred tables . .. Hundreds of references. . . are listed at the 
ends of the chapters. Many more than the customary 
complement of questions and problems are included. 
Some are thought-provoking and extend the material of 
the text.”” Edward L. Haenisch of Wabash College in 


Education. Chemical and Engineering News. 
1960 758 pages $8.50 | 1960 688 pages $7.50 
ORGANIC CHEMISTRY PHYSICAL SCIENCE 


by ALLAN R. DAY, Professor of Chemistry, and 
MADELEINE M. JOULLIE, Assistant Professor of Chemis- 
try, both at the University of Pennsylvania. 


“A feature of the book is the parallel treatment of ali- 
phatic, alicyclic, aromatic and heterocyclic compounds. 
Di- and poly-functional compounds follow their mono- 
functional analogues . . This sequence has much to com- 
mend it and is certainly more interesting for the student 
than the conventional method, whereby the whole of 
aliphatic chemistry is covered before benzene is men- 
tioned ...The authors are to be congratulated on a 
major contribution.”” R. E. Parker in Journal of the 
Royal Institute of Chemistry (London). 


1960 864 pages $9.50 


by DONALD S. ALLEN, Professor and Chairman, 
Department of Chemistry, State College for Teachers, 
- Albany, N.Y., and RICHARD J. ORDWAY, Professor of 
Geology, State University Teachers College, New Paltz, N.Y. 


“This text ‘... written for the non-science major who 
has little or no previous training in science and no 
mathematical training beyond elementary algebra,’ is 
liberally provided with excellent diagrams and illustra- 
tive examples, and many good photographs... Obvious 
care has gone into presenting the material at a level not 
above the student’s background . . . depth is ample for 
an introductory survey course and those students who 
would otherwise have difficulty should find the book es- 
pecially readable.” N.C. Janke of Sacramento State 
College in Journal of Geological Education. 


1960 ®. 835 pages $8.25 


LOSTRAND COMPANY: Inc. 


120 ALEXANDER STREET 


PRINCETON + NEW JERSEY 


4 Gaur fine 1960 teats from Van Nostrand 
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RAPID 


RADIATION 


ANALYSIS 


| with 


.»..Scans whole or any part of spectrum 
...automatically prints out data and resets 


How much stability can one expect in an instrument? Surpris- 
ingly, a great deal . . . as found in the RIDL Model 50-1 
Automatic Scintillation Spectrometer. This fine spectrometer is 
just as useful today as it was when first introduced. Actually 
sales have increased each year. This obviously indicates good 
basic design, the utmost in reliability and wide versatility. 


The Model 50-1 is a completely automatic integral and dif- 
ferential single-channel pulse height analyzer. It is used 
for identification of isotopes, for gross counting studies, com- 
parative measurements, luminescence studies and half-life deter- 
minations. It is ideal for use with automatic sample changers, 
resetting with each new sample. Due to the use of an elec- 


tronic sweep, there is no mirror effect. 


For beta and gamma spectroscopy or spectrometry, the Model 
50-1 offers small laboratories an instrument adaptable to a 
variety of detectors and experiments. Its separate components 
find multiple uses in large laboratories. It provides a choice 
of full-scale ranges and time constants, various scanning speeds, 
and a stable HV supply. The two-second Brown recorder 
included in the system provides various chart lengths. 


For a quality line of beta, gamma and X-ray spectrometers 
consult the RIDL General Catalog 61. For all detection and 
measuring instruments used in the radiation field, write today 
to Department K. 


Radiation Development Laboratory, 


61 EAST NORTH AVENUE e NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 @ Cable Address: RADILAB 
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Removes impurities automatically 


¢ Impurities Removed TOGETHER 

¢ Any Number of Passes Are Cycled Automatically 
¢ Compact—Only 10” x 15” of Bench Space 

¢ Operates Anywhere on Standard 115-Volt A.C. 

¢ Refines Most Reagents That Melt at 50° to 300° C 
¢ For Upward, Downward or Horizontal Operation 


LEFT: Aseach melted 
zone passes through 
the sample, the impure 
compound melts in 
front and purified 
material freezes out 
behind. 


i 


FISHER ZONE REFINER 


¢ Automatic Purification to PRIMARY STANDARDS HOW MANY hours have you been wasting, purifying re- 


agents by tedious, step-by-step refining methods? With the 
new Fisher Zone Refiner (patent applied for), you can now 
attain virtually any desired purity in your primary stand- 
ards—automatically—for nearly any organic or inorganic 
chemical with a melting point between 50° and 300° C. 

THE FISHER Zone Refiner utilizes the technique first 
developed by Bell Laboratories for purifying germanium 
for transistors—where purity standards are fantastically 
high. It utilizes the principle of repeated freezing, melting 
and refreezing . . . and can be set for a single pass, or as 
many as necessary or desired. You can set your own 
standards of purity—and achieve them. 

IMPURITIES are removed together, and retained; 
where desired, they can be concentrated until there is an 
adequate sample for precise quantitative analysis. Or, of 
course, simply discarded. Purification of charges as small 
as one ml is thoroughly practical, and the full capacity 
of the device is 55 ml. 

For full details, please write: Fisher Scientific Company, 
Box 109, Fisher Building, Pittsburgh 19, Pa. B94 


FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston Chicago FortWorth Houston NewYork « Odessa, Texas 
Philadelphia + Pittsburgh « St.Louis * Washington * Montreal + Toronto 
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